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Chapter One 
INTRODUCTION 
Wa l l  Lake i s  l ocated in Min n e haha Coun ty , 
Sou th Da k ota , Sec t i on 21 and 28 of Wa l l  Lake Town s hi p , 
T101N, .R51W� l a ti tude 43� 32', l ong i tude 96� 58 ' (see Map 
1). T h i s  body of wa ter is sou th of State Hig hway #42 , 
appro x ima te l y  n ine mi l es wes t o f  the state ' s  l arg es t  c i ty ,  
Siou x  Fa l l s .  I t  i s  one in a series o f  g l ac i a l  l a k es i n  the 
Co teau des Pra i r i e  sec tion o f  the Cen tra l Low l an d  P rov ince . 
The su rface area o f  t he lake i s  215-225 ac res ( Ca rter , 
1981. ) I t  has an average depth of n in e  f ee t  ( U . S .  A rmy 
Corps of Eng in eers , 1 980 ) . E l eva tion i s  1,449.5 f ee t  above 
mean sea l eve l ( MSL ) . I t  is surrounded by ro l l in g  h i l l s to 
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flat terrain con s i s ting o f  approx ima te ly 60 f eet i n  re l ie f . 
Sho re l in e  l engt h i s  13,200 f ee t  ( 4 , 023 m )  ( DWNR , 1 979 ) . On 
the nor t heas t shore l ine is a high wave c u t  terrac e  that 
fo.rms a l ak e  wa l l .  Hence t he name , Wa l l  Lak e  ( DWNR , 198"5). 
The wa tershed encompasses 3 , 680 ac res (1,243 
hec tares ) o f  mos t l y  ag ricu l tura l l and to the wes t , n o r t hwes t  
a nd nor th f rom w hich t he three primary tri bu ta r i es f l ow . 
The ou t l et d i sc ha rges i n to Skun k Creek whic h joi n s  t he Big 
Sioux Ri ver by an unnamed stream (Map 2.) I t  c on s i s ts o f  55Y. 
c rop l an d , 29Y. pas ture and 16Y. wa ter , f arms teads and 
residen t i a l areas ( DWNR , 1988) . A more p rec i se b reakdown o f  










Wa l l  Lake Land Use Su rvey - Genera l Data 
To ta l watershed a rea : 3680 acres 
Crop l an d  2024 acr-es 55/. 
Pas ture 1067 acres 29/. 
Other 589 ac res 1 6/. 
Percentage 
Row Crops 38% 
Sma l l g ra i n s  67. 
Grass/ pastu re 2 9'X. 
A l fa l f a 77. 
Fa l l ow 47. 
S l ough 37. 
Fa rmstead/ residen t i a l 77. 
Wa ter 67.-' 
Credi t: Sou th Da k o ta Depar tmen t o f  Water and Na tura l 
Resou rces , 1 988. 
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T here a re approx ima te l y  80 permanen t an d seasona l  
homes a round t he lake , 68 o f  whic h ac tua l l y  f ron t t he l ake . 
A beac h park e x i s ts on t he sou th s ide , whic h recen t ly has 
been i m p roved by Minnehaha Coun ty to i nc l ud e  a park ing l o t , 
p icn i c  area � b a thhouse and a foot bridge ove r the l a ke 
ou t l e t ( P l a te A ) . A c amp is l oca ted on the sou theas t l a ke 
shore whi c h  i s  owned by the Coun ty and leased , f ree of 
c harge , to the G i r l  Sc outs o f  America (P la te B) . T he S ta te 
has a sma l l park and p i c n i c  g roun d  sou th o f  the cove 
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(Ma p 3) an d t he De pa rtmen t o f  Game , F i sh and Pa r k s  mai n ta i n s  
the boat ramp o n  the east s i d e  of t he i s land adjacen t t o  t he 
pu b l ic doc k (P l a tes C and D ) . 
Summer uses o f  the l ake inc l ude immers i on 
rec rea tion , f i s hing , boa ti ng , and wa ter sk i in g . W i n ter 
act i v i ties i n c l ude ice f i shing , ice skating , snowmob i ling , 
and c ross-coun try sk i i n g . W i ld li f e  sustai n ed by t he lake 
prov ides hun ters wi th g ame and s por t .  Numerous even ts a re 
he l d  at Wa l l  Lake throug hou t t he year inc l ud i n g  an annua l 
f ishi ng derby , a t r i a tha lon and many priva te par t ies 
(Horner, 1988 . )  
P l a te A :  Wa l l  Lake Beach Par k . 
P l ate B: Gi r l  Scout Camp . 
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Hap 3 :  Sampling Sites 
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WALl LAKE i988 SAMPLING SITES 
Site Number Site Location 
1. Out let 
2. North Tributary-mouth 
3. North Tributary-between pond by road and feedlot 
4. Northwest Tributary-mouth 
5. West Tributary-mouth 
6. West Tributary-at culvert on north-south road 
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P late C :- State Park . 
P la te D :  Boat Ramp . 
Wa l l  La k e  i s  a hy pereu trophic ( overen r i c hed wi th 
nutrients ) g l ac i a l  l a ke simi l ar in c harac ter to man y o ther 
g l ac i a l  l akes i n  South Dakota . As is t he c ase wi th mos t 
g l ac i a l  l a k es, Wa l l  La k e  is n a tura l l y  eutro p h i c  ( nu trien t  
en ric hed) bec ause o f  the n u t r i en t  ric h l oess w h ic h u sua l l y  
occurs i n  c l ose pro x imi ty to g l ac i a l k e t t l es and i s  mi x ed 
wi th n u tr i en t r i c h  g l ac ia l  ti l l .  A hypereu tro p h i c  sta te 
occurs when add itiona l n u t rien ts are added to t he l a k e  by 
suc h sources as ag r i cu l tura l runof f ,  m i x ing o f  wa te r  w i t h 
en ric hed sed i men ts , and by wastewater systems . T he resu l t  
is t he acc e l era ted n a tu ra l p rog ress i on f rom l ak e , to 
wet l an d, to d ry l an d . Overen ric hmen t and c on tam i n a t i on o f  
the l a k e  cause t he overabundan t g row th o f  a l g ae ,  f i sh k i l l 
due to o x ygen ( 02 )  dep l et ion , unsa f e  bac ter i a l c ond ition s  
for wa te r  i mmersi on rec reation, and the aes t he t i c a l l y  
d i sp l easing odo r  of hyd rogen su l f ide wh i c h  sme l l s  l i k e  
rot ten egg s . 
PROBLEM STATEMENT : 
Wa l l  L a k e  i s  e x perien c i ng hypereu tro p h ica t ion w h i c h  
l im i ts the rec reationa l  use b y  residen ts of M i n n e ha ha 
Coun ty . Ag r i c u l tura l prac tices and was tewa te r sys tems 
in f l u x  has acce l erated t he n a tura l processes o f  t he l ake so 
that it i s  f eared t hat it may become a swamp p remature l y .  
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PURPOSE :  
T he pu rpose o f  t h i s  study is t o  de term ine the 
feas i bi l i ty of res toring the l a k e  for M i nneha ha Coun ty 
residen ts . I n i t i a l l y ,  c u r ren t ,  con s i s ten t d a ta ana l ysi s o f  
runo f f  f rom · the wa tershed area o f  Wa l l  Lake was to be 
inc l uded . Droug h t  preven ted wa ters hed runo f f  from be ing 
samp l ed for the maj or i ty o f  the tes ting per i od . Water 
samp l es d i sc l osed tha t bac ter i a l con tamina tion and hig h 
nu trien t l eve l s  c on tinued to oc cur . Thi s  paper sugges ts 
that the mos t p robab l e  sou rce of bac teria l c on tamination 
durin g th is pe r i od o f  tes ting was wastewa ter sys tems . 
HYPOTHES I S : 
T here a re three possi b l e  sources of n u trien t  and 
bac ter i a l  con tam ina tion tha t p reven t rec rea ti on a l  use o f  
Wa l l  La ke . T hey are : 1. Runof f f rom the wa tershed , 2 .  
Fau l ty was tewa te r sys tems , 3 .  E x i s ting sed i men ts in the 
l a k e bas in . 
T he �es t probab l e  source o f  bac teri a l  c on taminat i on 
during the tes ting pe riod is f au l ty was tewa te r sys tems 
adj acen t to the l a ke . This c on c l usion i s  reached by the 
process o f  e l i m i na ti on . 
Runo f f  f rom ag r i cu l tura l sources did n o t  e x i s t  
except for the f i rs t  par t  of the test period and is 
there f ore not c onsidered to be a c on t r i buto r  for the 
9 
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majori ty of the tes t period . Lake sedimen ts c an n o t  g enera te 
nu trien ts in to the wa ter co l umn over l ong period s of time 
wi thou t the con vec tion whic h exists in deep wa ter (20+ fee t ) 
where t herma l s trati fic a tion occ urs . Furthermore, t he 
in dic a tor bac teria l ives appro xima te l y  three mon ths in soi l 
or wa ter. Hen c e , sedimen t from previous years c ou l d  no t 
con tri bu te to hig h  bac ter i a l tes t  resu l ts .  
There is an in terre l a tedness of the var i ous f ac tors 
tha t impac t con tamin a tion in Wa l l  Lake . Nu trien t an d 
bac teria l con tami n a tion c an be derived f rom a n y  or a l l o f  
the sourc es und er f avorab l e  circumstances . 
L I TERATURE REV I EW : 
Based on an ex haustive review of j ourn a l s  and 
repor ts, no g eographic l i tera ture was found tha t d ea l t wi t h  
hypereu trophic a t i on i n  g l ac i a l  l a kes .  Primary sources of 
in forma tion c ame from repor ts by the Sou th Dako ta Depar tmen t 
of Wa ter and Natu ra l  Resources, Sou th Da k o ta Geo l ogic 
Survey, in terviews and persona l  observations .  Due to the 
fac t  t ha t  some of t he terms and abbrevia tions may be 
un f ami l iar to g eogra phers , a l is t  of defin i ti on s  is inc l ud ed 
at the end o f  t he first c ha pter . Other terms n ot d e f ined 
herein may be f ound in most physic a l geogra p hy tex ts or 
geo l ogic dicition aries . 
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DEF I N I T I ONS 
ABBREV I AT I ONS : 
1 .  BMP ' s - Bes t Managemen t P rac ti ces inc l ud i n g  but n o t  
res t r i c ted to those ag ricu l tura l p rac ti ces tha t  reduce 
erosion·and _g roundwa ter po l l u t i on by terrac ing , c on tou r 
p l ow i ng ,  s t r i p  c ropping , p l an ti ng she l ter be l ts, using 
fe r t i l i z er managemen t ,  and an i ma l  was te managemen t ,  en hanced 
we t land s  or l ow overhead wiers . 
2 .  SRF - State Revo l ving Fund . A new prog ram whe reby the 
fed era l g overnmen t w i l l  phase ou t g ran ts for wa ter 
restora t i on proj ec ts and wi l l  d esignate seed money to the 
s ta tes for l ow i n terest l oans . The in terest rate for 1989 
was set a t  37.. 
CHEM I CAL FORMULAS : 
1. N ,  N02 , N03 - Ni t rogen, n i t r i te, and n i t ra te 
res pec t i ve l y .  Transported throug h soi l by l eac h i n g . 
2. NH4 - Ammon ia .  
3. O:z - O x ygen . 
4. P, P04 , P20e - Phosphorus and phospho rus w i th o x yg en in 
the i n d i c a ted p ro portions . Ad heres to soi l par ti c l es and 
t he re fore transported by runof f and eros i on . 
TERMS: 
1. Con ti nen ta l g l ac iers - A thi c k  ice s heet over a l and 
mass tha t moves o·utward in a l l d i rec tions as a resu l t  o f  a 
cen ter z on e  o f  accumu l at ion . G l ac i a tion i n  t h i s  c on te x t  
ref ers t o  P l e i s tocene Age l obes . 
2. Convec t i on - C i rcu l a r  movemen t o f  a f l uid as a resu l t  of 
den s i ty d i fferences caused by heating and coo l ing . Co l d  
den se f l u i d s  s i n k  whi l e  warm, l ess d ense f l u i ds r i se c ausing 
·a con vec t i on ce l l .  
3 . En hanced wet l ands - A prac t i c e  o f ten imp l emen ted to 
preven t n u t r i en ts and sedimen t f rom en tering a body of 
wa ter . A p rocess whereby an ex i sting swamp i s  seeded w i th 
p l an ts known for thei r nutrien t  u ptake . Ex i s t i n g  c hann e l s  
may b e  d ee pened and s t ruc tures may b e  erec ted t o  serve as 
tra ps or f i l ters . 
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4. Eu trophic - En r i c hed . Usua l l y  pertains to a water bod y 
w i t h  p ro l i f ic a l ga l  g row th . 
5. G l ac i a l  d r i f t  - Depos i t ion on l acustrine, r i pa r i an o r  
l and reg ions b y  a g l acier . 
6 .  G l ac i a l  ti l l  
7. Grab Sampl es 
Unsor ted , unstrati f i ed g l ac ia l depos i t .  
Samp l es tak en by han d . 
B. Hypereu t rophic - Overen r ic hed .  Usua l l y  per tains to a 
wa ter bod y su f fe r in g  f rom overabundan t a l ga l  g rowth that 
dep l e tes the ox ygen supp l y  in the water by c reat ing a t h i c k 
a l ga l  ma t tha t  res tr ic ts p hotosyn t hesis . 
9. I mmers i on rec rea tion - A bene f i c i a l use assi gned to 
waters w hic h a re sui tab l e  for uses where the human body may 
come i n  d i rec t c on tac t w i t h the water to the poi n t o f  
c omp l e te su bmers i on a n d  where water may b e  i n g es ted 
acc iden ta l l y  or where certain sensi tive o rgan s suc h as t he 
eyes , ears and n ose may be ex posed to water ( SDCL Cha p ter 
74:03:02:·0 1  sec t i on 1 8.) 
10. Loess - Eo l i an depos i ts o f  P l ei stocene age . In Sou th 
Da kota deposi ts a re ric h in nutrien ts and of a ye l l ow i sh , 
maize c o l or . Loess i s  o f ten f ound i n  l acustr i n e  o r  
r i pa r i an en vi ronmen ts . 
1 1. Mamma l - C l ass o f  warm b l ooded vertebra tes that breat he 
a i r, nurse thei r young and have s k in covered w i t h  hai r .  I n  
this te x t ,  bo th l i ves toc k and humans harbor f ec a l  c o l i form 
bac teri a  i n  the i r  i n tes tines and are considered . 
12. Pristine - Crysta l c l ear . 
13. San i tary D i s t r ic t - An e l ec ted governmen ta l body 
designed to address t he was tewa ter needs of a s pec i f i c 
reg ion . Boa rd members have the au thori ty to l evy tax es and 
assessmen t for serv ices . 
1 4. T herma l s t r a t i f i c a t i on - T he l ayers tha t  occur i n  a 
f l u id body as a resu l t o f  densi ty d i f ferenc es i nduced by 
varying tempera ture . 
1 5. T i tra ti on - A c hem ic a l  ana l ysis to. separa te and 
determine the q uan ti ty of a substance .  In t h i s  te x t ,  the 
quan ti ty of oxygen i s  the da tum that is requi red. 
' 
UNITS: 
1. /100 L - Par ts per l i ter . Un i ts for f ec a l co l i f orm 
bacteri a  in thi s  tex t .  
2 .  mg/L M i l l i g rams pe r Li ter . Units f or t he n u t r i en ts 
phosphorus a�d n i trogen in thi s tex t .  
rW.TOd 1\t l1RIGGS LIBRARY 
S0u:�� Dal:ota Stc;te University 
Br6okinas. SD 57007-1098 
1 3  
Chap te� Two 
BEOSRAPHIC FACTORS 
1 4  
Geography con s i s ts o f  t he s tudy o f  s pa t i a l ,  
l oc a t iona l ,  perce p tua l and conc e p tua l re l at ions h i ps as t hey 
exi s t  on the
.
su r f ace of the ear th , be they organ i c  or 
inorgan ic . As man y geog raphic fac tors as poss i b l e  shou l d  be 
considered i n  a p l ann ing reg i on to render the bes t  d ec i s ion s  
for the pub l ic good . 
GEOMORPH I C  OR I G I NS: 
Dur i n g  t he P l ei stocene e poc h ,  Minneha ha Coun ty was 
subjec ted to the Nebrask an , Kan san , I l l inoian and W i sc on s in 
g l ac iers w h i c h depos i ted ti l l  over Prec ambr i an quar tz i te and 
Cretaceous c ha l k s and s ha l es .  A ppro x imate l y  907. o f  t he 
Coun ty i s  c ove red by 200 f eet o f  depos i ts f rom t he two mos t 
recen t g l ac iers . The Wa l l  Lake wa te rshed e x em p l i f ies ground 
mqraines , k�mes , outwash p l ains and terraces f rom t hese 
g l ac i a l  even ts ( F l in t , 1955 ) . Wa l l  Lake is the resu l t  o f  
the l a te W i sc on s i n  g l ac i ati on . T h i s  k et t l e  l a k e  i s  
approx i ma te l y  1 3 , 000 years o f  age , a s  i n d i c a ted b y  Carbon -14 
dating ( DWNR , 1 985 ) . Because i t  i s  o f  recen t g eo l og ic age , 
comp l ex s t ream sys tems have not ye t d eve l o ped . The l a k e ' s  
ma x imum de pth o f  1 4  . feet and average depth are near l y  equa l 
due to the ex treme f l a tn ess of the l ak e  bo t tom ( U . S .  Army 
Corps o f  Eng i n ee rs , 1 980 ) .  Map 4 shows the c on tour of the 




T. 101 N.-R. 51 w.- sec. 21 
o Carino site 
./15so - Contour line on lake bot t om showino equal elevat ion 
/ in feet above mean sea level. Pool •l•vafion on Jun• 
19, 1979 -���9.� f••r above mean •ea level. 
Depth contour map of Wall Lake and the location 
of coring sites. (from Corps of Engineers, 1979). 
Credit: South Dakota Geologic Survey, Carter and Barari, 
1981. 
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lake basin. Maj o r  in l e ts are to the wes t , nor thwes t and 
north ( Ma p  3). T he ou t l et is to t he sou th w i t hi n  t he 
boun dar ies o f  W·a l l  Lak e  Beac h Park . G l acia l t i l l ,  ou twash 
sand , and g rave l su rround the l a ke . 
HYDROLOGY: 
1 6  
Sou th Dak o ta Geo l og ica l Su rvey plac ed o bserva t i on 
we l l s i n  three o f  2 5  test ho l es d r i l l ed in the reg i on ( Ha p  
5). Dri l l ing o f  test ho l es a l on g  the wes t i n l e t  ind ic a tes 
minor ou twash of sand and g rave l .  D a t a  desc r i b in g  t he soi l s  
are l is ted in Append i x  A. These resu l ts showed n o  n o ta b l e  
bed o f  sand and g rave l e xcept a t  tes t ho l e  7 a t  the ou t l et, 
tes t hole 8 on the eas t and tes t ho l e  22 on t he wes t i n l et. 
Dec reas ing th i c k n esses were pene t ra ted a t  tes t ho l es 9 ,  10 
and 23 ( Car ter , 1 98 1 ) .  A l l tes t ho l es showed soi l s  m i xed 
w i th si l t  and sand indica ting remn an ts of anc i en t wa ter 
systems. San d y  soi l s have h i g h  porosi ty and perc o l a tion 
rates conduc ive to · l eac hing of n i t ra tes. Wa ter l eve l s  a t  
si tes 8 a n d  22 were 8.32 fee t  and 5 . 9  fee t  respec tive l y  ( Map 
5 ) . 
Conc l us i on s  d rawn f rom this s tudy state t hat t he re 
are no s i gn i f i c an t  c onnec tion s  w i t h  the Skun k C reek aqui f e r  
o r  the Wa l l  La k e  Aqui f e r  ( Barari , 1 988 , person a l  c ommun i c a­
tion ) .  Loc a l  resi den ts indicate that there are minor 
springs in the l ak e , f ea tures e x perienced an d i d en ti f i ed as 
' 
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27. 
Credit: South Dakota Geologic Survey, Carter and Barari, 
1981. 
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co l d  f l ushes during sw imming ( Horner , 1 988 , person a l  
commun i ca t ion ) .  
1 8  
Neve rthe l es s , sp r i n g s  have been observed as open 
wa te r during win ter ice cover as we l l . The rec harge o f  the 
lake con s i s ts pr i ma r i l y of sn owme l t  runoff, sto rm runo f f  and 
prec ip i tation . Data f rom t he summer of 1 979 ( Ca r te r , 1 98 1 ) 
show tha t  t he l ak e  r i ses rapid l y  during a s to rm even t and 
tha t  t he su rface c on t r i bu tion to l a ke l eve l i s  o f  more 
sign i ficance t han i s  groundwate r  con tribu tion . For examp l e ,  
a read ing of -2 . 84 i n c hes was the overa l l wa ter bud g e t  f or 
the summer o f  1 979 ( Car ter, 1981 ) .  
CL I MATE :  
T he c on ti n en ta l c l ima te o f  Wa l l  Lake i s  ex hibi ted i n  
t he warm summers and c old win ters. Approx i ma te l y  757. o f  the 
tota l rai n fa l l f or the area oc curs in the l ate spr i ng and · 
ear l y  summer
. 
throug h t he mon ths o f  l a te May , June and ear l y  
J u l y .  Snowme l t  runof f i n  the s p ring i s  t he pr i nc i pa l  source 
of lake rec harge . P rec ip i ta tion averages 23 i n c hes / year . 
The mean annua l eva pora t i on ra te is 36 i nc hes /year ( NOAA , 
1986 ) . Runof f from t he watershed makes up for the d ef ic i t  
in the wa ter budget . During the peri od o f  researc h 
conduc ted for this s t.udy ,  the l ak e  was e x treme l y  l ow due to 
t he 1988 droug ht when n orma l runof f  and rec harge d i d  n o t  
occu r . 
1 9  
Tempera tu re extremes range f rom approx ima te l y  -20�F 
to 96�F. The ave rage maximum and min imum tem pera tures range 
from abou t 57�F and 46� respec tive l y  (So i l Su rvey , Minneha ha 
Coun t y , 1964 . ) 
FLORA A ND FAUNA : 
Wa l l  La k e  i s  l ined wi th an assor tmen t o f  t rees and 
shrubs tha t  s ta b i l ize the sho re l in e  and provi d e  habi ta ts 
for bi rds, squ irre l s, musk ra ts and other sma l l an i ma l s . 
Ash, Co ttonwood, and Chinese E l m  dominate the s ho re l in e . 
I n  some areas r ip rap has been added to s top e rosi on by wave 
ac tion. P ho tos E and F depic t a tri bu ta ry sou t h  of Si te 2 
and t he is l an d , respec tive l y . 
Since a t  l east 1961 , h i g he r  order aqua t i c  p l an ts 
have been uncommon in Wa l l  Lake ( Dorband , 1983 ) . T he b l ue­
green a l gae b l ooms inc rease in vo l ume as the summer mon ths 
prog ress . The mos t f requen t l y  occurring a l gae i s  
Aphanizomenon flos�aquae. Microcystis aeruginosa i s  the 
second mos t a bundan t a l g ae ( Cambu rn, 1988 ) . Both a re 
typica l of hy pereu trophic l akes and are n a t  tox i c  i n  
reported quan t i t i es .  Spring runof f f rom the w a tershed can 
be hig h  in phospho rus and n i tra tes . T hese n u tr i en ts c an 
came f rom f e r t i l izers and l ives toc k waste c on c en tra ted in 
sma l l a reas suc h as feed l ots , i f  not proper l y  d ra i n ed . 
Whi l e  c hemi ca l s  i n c rease the p roduc t ivi ty o f  c ro ps, they 
P l ate E :  
R i p  Rap 
in T r i butary. 
Plate F: Rip Rap a t  the i sland. 
20 
2 1  
a l so i n c rease t he produc t i on o f  a l gae .  I n  add i t ion to this , 
one an i ma l  un i t  c on tri bu tes nu trien t bea r in g , e x cretory 
was te equ i va l en t  to 16 humans (Li t t l e , 1 988 ) . As these 
p l an ts i n c rease , a mat of a l gae covers t he wa ter su rfac e 
which exc l udes sun l ig h t  from t he l ower wa ter l eve l s. 
Photosyn thesis in the wa ter c o l umn , w hich p rod u c es o x ygen 
( 02 ) , d ec reases and anaerobic ( de-oxyg en ated ) c on d i tion s  
under t he a l ga l  mat a re c reated . The a l gae a t  l ower l eve l s  
then d ie s , re l easing a b l ue-g reen d ye whi c h  l oo k s  l i k e  a 
s l ime on t he sur f ace . I t  i s  not necessari l y  d an g e rous to 
swimmers but i s  aesthetica l l y  undes i ra b l e . T he una p pea l ing 
odor o f  hyd rogen su l f ide , simi l ar to rot ten e g g s , i s  of ten 
associ a ted w i t h  t h i s  d en itr i f ic a tion process o f  the a l ga l  
ma t (Hou tcoope r , 1 988 , persona l commun i c a t i on; Dor ban d , 
1988, person a l  c ommun ication) . 
The ana e robic c ond itions c reated by t he excessi ve 
amoun t o f  aigae d oes have an e f f ec t on the qua l i ty o f  f is h  
i n  t he l ake . On l y  those f i sh that c an ada pt t o  l ower oxygen 
l eve l s  surv i ve . T he resu l t  is that c arp and bu l l head 
con sti tu te t he major ity of f is h  i n habi t i ng the l ak e . 
Accord ing to Sou th Dakota Game , F i sh and Park s , 86.27. o f  t he 
f i sh are b l ac k  bu l l head , (lctalurus melas), 1 0 . 87. a re ye l l ow 
perc h (Perea �lavescens) and 2 . 97. are wa l l eye (Stizostedian 
vitreum). These f ind ings were based on the resu l t  o f  12 n e t  
22 
tra ps. Sein in g  produced one n o rthern p ike (Esox lucius) and 
2 8  f a t head m i n n ows (Pimephales promelas). 
SO I LS: 
Soils surround i n g  Wa l l  Lake a re we l l  d ra ined d ue to 
unde r l y i n g  san d  and g rave l .  Kran z ebu rg and Buse se r i es 
dom i n ate . T hese s i l ty c l ay l oams were formed w hen w ind 
d r i ven l oess lodged on g l ac i a l  t i l l .  T hey a re med i um 
textured soi l s , n o rma l l y  f ound i n  steep or ro l l i ng terra i n . 
Parent mater i al i s  g l ac i al t i l l  w i th l ow org an i c  con tent . 
It i s  usua l l y  c a l ca reous and e x h i bits stones and pe bb l es .  
The K ran z eburg i s  s l i g ht l y  ac id to s l i g ht l y  a l k a l ine . These 
soi l s  are norma l l y  assoc i ated w it h  each other ( Soi l Survey 
Minnehaha County , South Dak ota , 1 964 . ) 
I n  d e p ress i ons , H id ewood, Parne l l  and La P ra i r i e  
soils are f ound . T he te x ture o f  H i d ewood and Parne l l  so i l s  
is f i n e  due to act i on o f  water i n  the depos i t iona l  p rocess 
f rom up l ands . They a re f ound in d rainageways and in 
depression s . T hese soi l s  s how occas i ona l d epos its o f  
c a l cium carbon ate ( CaC03 ) and c onta in c onsidera b l e  organ i c  
matte r. A l thoug h t hey a re l oc ated i n  ag ricultu ra l l an d , 
they are o ften too wet to culti vate . The Parne l l  ser ies can 
often be easi l y  d etected as moi s ture f requen tly c o l l ec ts i n  
those areas . 
La Pra i r i e  soi l s  d i f fer i n  t hat d ra inage i s  
mod era te. T houg h o f ten inun d a ted wi th wate r, t hey c an be 
produc t i ve ag r i c u l tura l l an d s  t hroug h prope r m anagemen t 
( So i l Survey M i n n e haha Coun ty, Sou th Dakota , 1 964 . ) 
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Sed i men t l oad deposi ted by the tri butar i es was 
t houg ht to be hi g h  in years gone by. Presen t i n d i c at i on s  
are t ha t  t r ibu ta r i es are re l eased of po ten tia l  l oad b y  t he 
natura l l ow l an d s  sur round ing the l akes that ac t as a natu ra l 
sed i men t t ra p  (Si eg e l ,  1 983 ) . T h i s  a l so attes ts to t he 
imp l emen ta tion o f  c onservati on prac tices by l an d own ers in 
the wa te rs hed a rea ( Top , 1988 ) . Howeve r ,  t he re are some 
ce l l s  of l an d  in t he watershed that cou l d  be c on si d ered 
hig h l y  e rod i b l e  ( Map b.) Best Managemen t Prac t i c es ( BMP ' s )  
wou l d  m i n i m i ze n u t r i ent l aden par tic l es f rom be i n g  deposi ted 
in Wa l l  Lake by eros i on a l  p rocesses . 
POPULAT I ON: 
I n  1988, M i nneha ha County was the l a rges t c oun ty in 
South Dako ta w i t h  a popu lation of appro x i mate l y  1 24 , 000 
peop l e. S i ou x  Fa l l s was rated one of the ten best c i t i es i n  
whi c h  to ra i se a f am i l y  by "Money" magaz ine ( E i sen berg , 
·1987 ) . The rate o f  g row th and i n f l ux of indus t ry and 
commerce s how a g rowing need for water-based rec reati on f o r  
th i s  g row i n g  popu l ation . Tab l e  2 s hows popu l a t i on 
proj ec tions f o r  M i n nehaha County . I n  add i ti on , Wa l l  Lake i s  
used b y  res i d ents o f  adjacent L inco l n, McCook an d Tu rne r  
' 
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Table 2: Minnehaha County Population Projections 
TOWNS!IIP 1988 1990 1995 2000 2005 2010 2015 
Ben tor. 586 626 670 716 766 819 875 
Branden 721 7 36 751 787 80 3 826 846 
Buffalo 246 246 244 242 236 230 224 
Burk 371 37 3 380 385 387 392 396 
Clear Lake 185 185 180 175 170 165 160 
Dell -qapids 271 271 271 276 276 276 281 
Edison 372 375 380 386 392 398 404 
Grand Neadow 288 287 280 273 266 259 252 
Hartfcrd 492 513 548 584 584 622 654 
Highland 176 17 3 167 161 154 148 141 
Humboldt 309 312 321 330 339 349 358 
Logan 288 291 299- 308 317 325 334 
Lyons 454 459 468 476 482 490 495 
Mapleton 1624 1733 1842 1951 2064 2173 2282 
Palisade 27 3 274 286 295 310 325 338 
Red Rock 3 30 336 352 368 384 403 420 
Sioux Falls 147 148 150 152 154 156 158 
Split Rock 2063 2243 2509 2808 3145 3522 3943 
sverdrup 809 822 853 885 916 945 973 
Taopi 357 357 357 358 358 357 357 
Valley Sp�ings 322 3 37 350 372 397 422 449 ' 
Wall Lake 887 890 922 959 994 1034 1073 
Wayne 910 918 936 954 972 990 1008 
Wellin9:ton 264 264 262 260 256 251 248 
Unincorp 12,745 13,169 13,778 14,461 15,122 '15,877 16,669 
Inc orr;. 11,600 12,000 12,900 13,600 14,200 14,700 14,900 
Sioux Fulls 100,000 105,000 110,000 112,000 115,000 119,000 121,000 
Total Co 124,345 130;169 136,678 140,061 144,322 149,577 152,569 
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coun t i es . As many as 3,000 people have been est ima ted to be 
c rowded on t he beac h on hot d ays ( A l brec ht , 1987) . T he 
newspaper a r ti c l e  on t he f o l l owing page re l ates t he heavy 
use t he pub l i c beac h rec ei ves . Accord i n g  to Game F i sh and 
Par k s , the (1980 ) use r d a y  requi remen ts f or t he popu l a ti on 
of 109,435 we re 556 , 169. Bec ause only 15,557 user d ays are 
prov i d ed for f i shing by Wa l l  Lake i n  Minn ehaha Coun ty , t he re 
was a d e f ici t o f  540,612 user d ays . 
H I STORY AND ECONOM I CS :  
Prior to sett l emen t by European s , t h i s  a rea was 
inhabi ted by t he Dakota Sioux I nd ian s . I t  was f i rs t  
penetra ted b y  t he F ren c h  e x p l orer and f u r  trader , LeSeu r in 
1 683 . I n  1 8 57 ,  the area to the eas t o f  Wal l Lake was 
desc ri bed b� �x p l orer and geog rapher, D r . Joseph N i co l l e t i n  
h i s  pub l ic a tion , Trave l s  i n  the Nor thwes t .  His d esc r i p t i on·. 
o f  t he beau t i f u l  rivers and wooded l an d  encou raged 
subsequen t set t l emen t of t he a rea by the Wes tern Town 
Company of Du buque , I owa an d the Dako ta Land Company .  T h i s  
set t l emen t was vac a ted due t o  a threat o f  a n  I nd i an u p r i s i n g  
and was subsequen t l y  burned to the g roun d  by the I nd i ans . 
The same si te was re-es ta b l i shed as presen t d ay S i ou x  Fa l l s  
( Smi th , 1 949 ) . 
Land s  a round Wa l l  Lake were homes teaded fo l l owing 







By MARSHA ALBRECHT . 
Argus leador Sralf 
WALL LAKE -Hot cars 
and hot bodies sizzle at 
Minnehaha County's 
sandbox supreme. 
A liule boy tosses a leach be­
tween his p�tlms. Twenty scantilly· 
clad young· adults los:» a volleyball 
over a lake-anchored net Hun· 
dreds of boys and girls toss come· 
hither looks. Counllcss beer cans 
arc tossed in overflowing waste· 
bt�skcts. 
The scene is Sunday at the beach - Wall Lake style. Oh, the three 
thousand or so sunbathers crowd· 
ing the two-block-long beach know 
it's not a great lake. But it's the 
only one we've got. We loyally re· 
turn every year, forgcUing the cut 
feet and green swimsuits from the 
summer before. 
The sounas ol revving motorcy­
cles, slapping waves, crying kids, 
rocking ghetto blasters, popping 
beer lops and squealing girls fill 
the air on u hot day. 
The sights uf giant plastic 
sharks, bright-colored bikinis, 
gleaming aluminum cans, bikers 
sunb&�thing on their motorcycles, 
deaf swim men signing, boys 
�quirting girls. kids building s•nd 
Cilstlcs anti paunches pt!uking out 
over swim trunks fill the eye. 
fl's the ambiance of summer. 
It'.; being where your friends arc, 
"·here peofllt!. in pursuit of the 
·go4fl�Y. to ... qi?C.��� yYat�[ tests 
Minnehaha County commissioners Tuesday will discuss findings from 
water quality testing at Wall Lake by the slate Department of Water and Nalural Resources. . 
The state baa been testing water at tbe lake for about a year. Studies al:;o 
have been done by the Army Corps of En&ineers. The commission has avoided 
dredging the lake because recommendalioP� have been conlliclin&. Cowuy 
Admini�trator Dale Froehlich said. 
Depending on the results of the state's recent findings, commissioners may 
again discuss options for cleaning up the lake. The meeting is at 8 a.m. Tues· 
day in the Minnehaha County Courtboute. 
same tanned skin and easy cama· 
naderie of vacation gather. 
Cathy Garry. 30, comes to Wall 
Lake from Sioux Falls often on 
days off wilh her h&&Jband and 
three daughten. "You'll find 
everybody bere on a day like 
today." 
Lake at Yankton. It's brown. "We 
had a choice between brown and 
areen and we choie green." 
He likes· the big beach, ., feet 
wide and � mile long, beUer than 
the one at Lake Madison. "It's a 
nice beach," Baraminn said. . 
Baramana didn't swim. He and 
his friends came to waterski, but The Garrys prefer lull to lh' 
public pools .. "I like this better, 
you bet, because it's free," Cathy 
Garry said. 
1 • they didn't. "Wben you go here, 
Freedom lures the Garry chil· 
dren. They don't like to stop swim· 
ming for lhe mandatory IO.minute 
breakl at the public pools, and 
they like beina able to like inflat· 
able toys in the water. 
TI1e . Gurrys suid dley'd rather 
have a cleaner lake, but lhe light 
green stuff swimming .in lhe -.ater 
doesn't keep them out. 
The state Department of Water 
and Natural Re�ources regularly 
tests the wa&er a& Wall Lake, and 
It has been declared relatively safe 
for swimming, County Adminlstra· 
&or Dale Froehlich »aid. �l"een ... 
tint comes from •}I!' �JQQJD!n 
"'rll1�.fb�t]f n1troacn ru 'from lakeside farms. 
· - Jrrlaiillirgma-rin710. of Madison. 
said he and his friends had lhouaht 
·about goinJlo Lewis and Clllrk 
you can watch othe� people have 
fun. It keeps you entertained, any· 
way," be said. 
Anaie VacanU, 17, and Angie 
Sherwood, 1&, bolh of Lennox, 
come 1.0 the lue on weekends. 
Their reasons? "The Juya," Va· 
caarJ stid. "Just 10 lay out," Jher· 
wood said. 
Wall Lake is drawing big crowds 
seeking relief from the heat this 
summer. Minnehaha Sheriff's Dep· 
uty Phil Niedringhaus estimates at 
least 3,000 swimmers, aunbatbers 
and fishermen Uarong to lhe public 
beach on Sundays. It's causina 
some parkiDI problems as people 
fill. the &wo parkin1 lots and the 
south side of the road that paral· 
lets the beach. In des�eration • .,. 
pie are parking illegally on the 
north side of the road when the 
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face J40 fiAts from the county lor 
doin1 it. 
Despite the crowd1, violence aDd 
noise have not been a problem yet 
lbls summer • NledrinJbaul aald. 
''The people have been really de- · 
cent tb.is 1ummu .... 
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dom i n a tes t he wa tershed and surrounding area of the lake. 
The rich g l ac i a l  soi l s  are used for pas ture a n d  c rops . 
Prima ry c rops g rown i n c l ud e  c orn , bar l ey, oats and soy bean s 
( Top, 1 988) . 
There is some divers i fi c ation o f  employment in small 
businesses and l ig h t industries located to the n o r theas t of 
the l a k e  a l on g  a r ter i a l  i n tersec t i on s. No c ommerc i a l  
en terp r i ses have been pursued i n  recen t years a round t he 
lake . An o l d  ro l l er s k a t ing r i n k  has been trans f erred to 
severa l d i f f eren t owners w i th t he p rospec t of a res tauran t 
materia l i z in g . Renovat i ons
.
have never been c omp l e ted . The 
Coun ty has encou raged c on c essi on s  at the Coun t y  Park bu t so 
far no one has t a k en advan tage o f  t he oppor tun i ty .  Boa t and 
canoe ren ta l s  have been d i sc ussed at Coun ty Park Board 
meetings and may be in t he f u tu re of Wa l l  La k e . Perhaps 
these o p t i on s  w i l l  be more ser i ous l y  pursued by 
en trepreneurs w hen t he l ak e  e x per i ences remed i a l  ac t i on . 
T he majo r i ty of t he l ak e  f ron t homeowners a re 
emp l oyed in S i ou x  Fa l l s  and c ommu te to work on a d a i l y  bas i s  
( Depar tmen t o f  Commerc e , T ran s porta t ion Area Zon e s , 1 984 ) . 
�nemp loymen t i s  c on s i s ten t wi t h  that o f  the Coun ty a t  a bou t 
3-4Z (Sout h  Dak o ta Labor Bu l l et in , 1 988 ) . Low tax es , 
pastora l scenery and. l ow popu l a tion densi ty , make Wa l l  Lak e  




Wa l l  Lake i s  l oca ted i n  a s ta te whe re res i den ts a re 
known for being trad i tiona l ,  f a i r l y we l l  educ a ted and 
econom i c a l l y  d e pen den t on ag ricu l ture . A l mos t everyone has 
f rien d s  and re l a t i ves invo l ved in farming ac ti v i ties. It 
f o l l ows t he re f ore, t hat sympa t hies a re of ten in f avor o f  t he 
farmers and i n d eed t he S ta te l aws ref l ec t  th i s  a t t i tude by 
exemp ting f a rmers f rom env i ronmen ta l con tro l s  and p ro tec t i n g  
them l eg a l l y  b y  suc h things a s  d en s i ty zon in g . Legis l ato rs 
know that i f  t he f a rmer suf fers , everyone su f fers . 
steps are taken to en sure their we l l -being . 
Hen c e  
M i n n e ha ha Coun ty i s  t he mos t urban c oun ty i n  the 
sta te wi th Siou x Fa l ls , the s ta te's l argest c i ty .  Man y 
urban i tes move ou t of t he c i ty on to an acreage w i t hout 
rea l i z i ng t ha t  the y  a re givin g  u p  a mu l t i tude o f  services a t  
t he same t i me . T he y  ex pec t p ro tec t i on f rom ag r i cu l tura l 
uses suc h as f eed l o ts ,  manure and odors . They o f ten d on ' t 
unders tand tha t  t hey many have to main ta in thei r own road or 
that a priva te was tewa ter sys tem requires priva te 
ma in tenance. 
The resu l t  of these two s i tua t i on s  c oexisting i s  
that non -c om pa tib l e  l an d  uses a re of ten side b y  sid e . T he 
homes around Wa l l  Lake are z oned Rura l Resi den tia l ( RR )  bu t 
the l an d  immed i a te l y  adj acen t is z on ed Ag r ic u l tura l ( A- 1 . ) 
T here are ways to make this c oe xistence more harmon i ous . 
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Natural barr iers such as trees and shrubs are a g ood o p t i on . 
Coopera t i on w i t h  town shi p board s regard ing road main tenance 
an d h i ring l icensed sep tage pumpers would he l p  ru ra l non­
farm res i d en ts make t he tran s i t i on f rom an u r ban se tting. 
Us i ng Bes t Managemen t Prac tices , e ros i on con tro l 
tec hn iques, an i mal was te man ag emen t struc tures , and 
fertili zer manag emen t would he l p  the farmer to be a be tter 
neig hbor . Some o f  these opt i on s  are being i m p l emen ted . 
However ,  i t  appears that trad i ti on a l  farm i n g  met hods c hang e  
slow l y  and are o f ten a nui sance t o  rura l n on f a rm l andowners . 
POL I T I CAL ENV I RONMENT: 
The Wa l l  Lake Homeowner #s Assoc i a t i on i s  a c l ose 
kn i t  g roup of n e i ghbors t hat have worked ha rd i n  
coord in a t i n g  ef f orts t o  res tore the lake . Un f o r tunate l y , 
some homeowne rs have a l i en a ted surround in g  wa tershed 
landowners by pub l ic l y  denounc i n g  t he i r ag ricu l tura l 
practices and thei r  n ames to t he med ia via te l ev i s i on and 
newspapers .  
T he wa tershed l an down e rs have sta ted tha t  t he i r  
ag ricu l tu ral p rac tices are w i th in s ta te guide l i n es and the 
Soi l Conserva t i on Serv ice recommend a t i on s . Some have s ta ted 
they are g ood s tewa rds of the l an d  and b� l ieve in Bes t 
Managemen t Prac t i ces .  
' 
T he n ew l y  e l ec ted Wa l l  Lake San i ta ry D i s tr i c t  
mem bers a re c on c e rn ed businessmen and resi den ts f rom t he 
l a ke . They a re i n  the p rocess of pursuing eng in ee r i n g  
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proposa l s  f o r  a c en tra l was tewa ter c o l l ec t i on system . 
Town s h i p  superv i sors have ind ica ted that i f  t he homeowners 
ad d ress was tewa ter sys tems , the wa ters hed peo p l e  mi g h t 
con s id e r  coope ra t i n g . 
T he M i nn e ha ha Coun ty Commission ers sup port t he 
proj ec t but are re l uc tan t to endorse any en t i ty tha t c annot 
work c oopera t i ve l y  w i th another . Neve r t he l ess , t he S t a te 
Departmen t o f  Wa te r  and Na tura l Resources , M i n n e haha Coun ty 
and East Dakota Water D i st r i c t  have en tered i n to an 
agreemen t to c om p l e te t h i s  study at whi c h  t i me a 
dete rm i n a t i on w i l l  be made as to the bes t  c ou rse o f  ac t i on . 
SUMMARY : 
Essen ti a l l y ,  Wa l l  La ke i s  n a tu ra l l y  eu t ro p h i c
�
due to 
the r i c h l oess, bu t n o t  hypereu t rophi c . I t  w i l l  have some 
a l gae g row t h  betause of i ts con t i nen ta l  g l ac ia l  o r i g i n s , bu t 
in n orma l amoun ts . There a re no major c on n ec t i on s  w i th 
a�ui fers t ha t  a re a source of f reshwa ter to the l a k e . 
Rec harge i s  d e pend en t on rain f a l l and run of f  w h i c h have bot h  
been i n  sho r t  sup p l y  d ue to t he 1 988 d roug h t . T rees and 
shru bs l in e  t he ban k s  of the l ak e  and c rops are produc ed in 
the wa tershed a rea . A l g ae i n  the l ake inc reases as t he 
' 
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summer p rog resses . T he f l o ra su rround i n g the l ak e  prov i d e  
ha b i tats f o r  sma l l g ame . Dep t h  o f  the l a k e  and o x ygen 
l eve l s  c ause surv i va l  of mos t l y  carp and bu l l head s w hi c h  c an 
to l era te l ower o x yg en l eve l s . T he area has ex pan d ed i n  
c on j unc t i on wi th S i ou x  Falls an d se rves seve ra l c oun t i es as 
an a rea f o r  wa ter rec rea tion . T he area i s  c u r ren t l y  
c ommerc i a l l y  une x p l oi ted . Lake homeowners and wa tershed 
l an d owners have been in con f l ic t .  Neverthe l es s , t he various 
governmen t en t i t ies have un i ted w i th the Wa l l Lak e  
Homeown er ' s  Assoc i a ti on t o  researc h t he feasi b i l i ty o f  l ak e  
res to ra tion . 
The i mp rovemen ts t ha t  n eed to take p l ac e  i n  o rd e r  to 
inc rease the wa ter qua l i ty ,  and t hus the use f u l ness of the 
l a k e , need to be add ressed by s tudying the sou rces o f  
con tam in a t i on t o  t h e  l ake. Con taminat ion sources have been 
stud ied and ana l y zed by ex perts over a per i od o f  ten years . 
Ye t con si sten t ,  rel ia b l e  d ata on the physi c a l /c hemi c a� 
aspec ts of the l ak e  were unava i l ab l e .  
des igned to p rovi d e  t ha t  i n fo rma tion . 




DATA COLLECT I ON 
Obj ec t i ve : Measu re i n f l ow and ou t f l ow .  
A s tage reco rder was to be set a t  Si tes 1 and 6 to 
mon i tor t he vo l ume of f l ow in to and ou t of t he l a k e . 
O bj ec t i ve : De te rm i n e  nu trien t l eve l in soi l s .  
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Soi l sam p l es were to be taken of eac h c e l l in t he 
c r i t i c a l  area o f  t he watershed and tes ted for h i g h l eve l o f  
phosp horus ( P ,  P20o , P04 ) and n i trogen ( N ,  N02 , N03 , NH4 ) 
a p p l i c a t i ons . 
Obj ec t i ve : Determine nutrien t  and bac teria l oad i ng .  
Wa ter samp l es were to be taken f rom seven s i tes ( Map 
3)  on a b i -week l y  basi s  for a period o f  eig ht week s .  I n  
add i t ion to th i s , water samp l es were tak en f rom t he beac h 
and submi t ted f o r  ana l ysis on a week l y  bas is t hroug h t he 
summe r by Coun ty P l ann ing and Zon ing personne l . Tests f o r  
fec a l c o l i f orm bac teria were c onduc ted i n  acc o rd an c e  w i th 
Sou th Dak o ta regu l a t i on s  for a pub l ic beac h and acc o rd i ng to 
EPA c ri teri a . 
.... 
O bj ec t i ve : Determine e f fec ts o f  a lgae on o xygen l eve l s . 
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O x yg en t i trat ions were con duc ted on t he i n l a k e  
sam p l es once a mon th .  Ana l ys i s  o f  a l g ae for t he surf ace and 
bot tom o f  t he i n l ak e  sam p l e  was c on duc ted . 
O bj ec t ive : Determ ine the abi l i ty of e x i s t i ng wastewa ter 
sys tems to f unc t ion prope r l y .  
A d oor t o  door sep t i c  survey was conduc ted o f  a l l 
l ak e  sho re homes and homes i n  c l ose pro x imi ty to t he l ak e . 
L I M I TAT I ONS : 
This s tudy was a f fec ted by the f o l l ow i n g  l i mi t i n g  
fac tors : 
1 .  T he 1 988 d roug h t  prohi bi ted wa tershed runof f ,  t hus 
d i sa l l owing it as a con tr i buting f ac tor during t he test 
per i od . As a resu l t ,  no outf l ow was recorded a t  Si te 1 .  
2 .  Fec a l  c o l i f orm as an ind i ca tor bac teri a  d oes
�
no t 
ind i c a te t he s pec i f i c orig ins o f  t he bac teri a .  
3 .  EPA approved l abs far· E .  Ca l i  as an i n d i c a tor 
bac te r i a , whi c h wou l d  s pec i fy human or an i ma l  o r ig in s , a re 
t�o far away to get water samp l es to t he l ab w i t h i n  t he 
recommended EPA ho l d in g  t i me . 
4 .  Oxyg en ti t ration s  were n o t  per f ormed f or each 
samp l e  w hi c h  l im i ts t he a bi l i ty of an ana l ys t  to determi n e  
the p rog ressive ef f ec ts of a l g a l  g rowth on oxyg en l eve l s  
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throug hou t t he summe r . 
5. Abi l i ty to f inance i n f rared photog ra p hy whi c h  c ou l d  
re l ate c on si derab l e  i n forma t i on w i th regard to l ak e  in f l ux 
wou l d  have been he l pf u l . 
6 .  Hi sto r i c a l l y ,  in l ake restoration p roj ec ts 
add ress ing wa ters hed issues has been vo l un tary an d 
com p l i an c e  has been l ig ht .  D i sag reemen ts between l a ke 
homeowne rs and l andowne rs in the wa tershed acc en tua te this 
prob l em .  
7 .  Distrus t between members of the va rious c oopera ting 
en ti ties c aused in tern a l  s tr i fe and l os t  t ime . 
8 .  Finan c i n g  t he remed i a l  o peration s  w i l l  be a 
c ha l l enge . The governor ' s  1 989 tax f reez e  c u ts many 
otherw i se poten ti a l  fund i n g  mec han isms . 
PROCEDURES : 
� 
T he mon i toring process beg an on Apri l 1 3 , 1 988 and 
ended September 27 , 1 988 . Droug ht made i t  imposs i b l e  to 
samp l e  at certain s i tes . I n f l ow to the l ake was i n d i c a ted 
f rom May 2 to J une 2 ,  1 988 as is veri f ied in d ata f rom the 
stage rec o rder a t  Si te 6 ( Ma p  3 )  in A ppen d i x  B .  Because t he 
l ak e  wa ter l eve l was so l ow ,  and there was no run o f f f o r  the 
remainder of t he testing period on l y  the stage rec o rder a t  
the l argest tri butary was main tained a t  S i te 6 .  Lac k of 
prec i pi ta t i on to p roduce run o f f i s  corrobora ted by NOAA 
' 
36 
me teoro l og i c a l  d a ta for t he tes t period whic h a l so appear in 
Append i x  B .  
Soi l s  
T he sai l survey was conduc ted on the parc e l s  o f  l an d  
tha t con ta i ned what were considered to be the 1 0  mos t 
c r i tica l c e l l s  o f  n on po i n t ag r i cu l tura l source prob l ems i n  
the wa tershed ( Ma p  6. ) . Samp l es were tak en of soi l s  that 
were the mos t re presen ta t i ve o f  t he a rea at a d e p t h  o f  two 
feet . The su rvey was c on duc ted by a represen ta tive f rom t he 
Coun ty E x ten s i on Serv i c e  and a represen tat ive f rom Minneha ha 
Coun ty Con se rv a t i on D i s t r ic t . 
Wa ter Samp l in g  
Wa ter sam p l es were taken f rom S i tes 1 -6 w hen there was 
runof f and when w a t e r  e x i s ted a t  t he si tes . W hen n o  run o f f 
ex i sted , ad d i tion a l tests were ta k en in c ri tica l a reas in 
the wes t i n l e t  an d  c ove . G r a b  sam p l es ( taken by han d ) were 
taken at eac h s i te ,  pac k ed in ice and sen t for ana l ys i s to 
the Wa te r  Resou rc es I n s t i tu te at Sou th Dakota S ta te 
Un iversi ty . T hese samp l es were ta ken d i rec t l y  to t he S i ou x  
Fa l l s Hea l th Dep a r tmen t l a b f o r  bac ter i a l  an a l ys i s . T he 
resu l ts o f  t hese tes t a re l i s ted i n  Append i x  C .  
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Ear l i er tes t i n g  of the beac h pa r k  was don e  t hroug h 
the summe r mon t h s  o f  1986-1 987 . Grab sam p l es were taken a t  
m i d -beac h in a p p rox i mate l y  one foo t of wate r . Dur ing 1 986-
1 987 , sam p l es we re pu t d i rec t l y  i n to bo t t l es prov i ded by the 
l a b and se t by e x press ma i l to t he S tate Wa ter Qua l i ty Lab 
at P i e r re . T he same procedures were f o l l owed in 1 988 , 
excep t tha t  sam p l es were taken d i rec t l y  to t he S ioux F a l l s  
Ci ty Hea l th Depar tmen t l ab .  The reason f o r  t h i s  c hange was 
tha t some sam p l es set to P ierre took twa d ays to a rr i ve and 
were rej ec ted bec ause t hey were too o l d . However , seve ra l 
two d ay o l d  sam p l es had been accepted and ana l y z ed 
prev i ou s l y . T h i s  cast doubt on the re l i abi l i ty o f  tes t 
resu l ts .  The S i ou x  Fa l l s  l ab was asked to ana l yz e  t he 
samp l es i n  1 988 because of i ts c l oser prox imi ty and t hereby 
en su re more va l id resu l ts by staying wi thin t he s i x hour 
ho l d in g  t i me rec ommended by EPA . 
I n l ak e  sam p l es ( Si te 7 ) , a l g ae sam p l es and o xygen 
l eve l s  were co l l ec ted one to three times per mon t h  when 
weat her perm i t ted . O x ygen ti tration s  were per fo rmed by 
members of the Wa l l  Lake Assoc i a tion as i nstruc ted by a DWNR 
s ta f f person . 
Septic Survey 
T he Depar tmen t of Water and Natura l Resources 
( DWNR ) , O f f ice of Wa ter Qua l i ty ,  set surveyors to conduc t a 
' 
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door to doo r sep t i c  su rvey of was tewater systems f o r  the 
l ake s hore homeowne rs . They were ass i s ted by members o f  the 
Wa l l  Lake Homeown er ' s  Assoc iation , Wa l l  La ke San i tary 
D i s t r ic t board members and Coun ty P l an n ing and Z on i n g  s taf f . 
RESULTS : 
S tage Recorder 
The s tage recorder was d isc on ti n ued f rom t he out l et 
because the l ak e  was very l ow and t here was n o  water run n i ng 
ou t of i t .  P l a tes 6 and H show how very d ry t he out l et was . 
The s tage reco rder a t  t he west i n l e t showed n o  run o f f f rom 
J un e  2 ,  1 988 to t he end of the tes t i ng period September 2 ,  
1988 , as can be seen f rom t he me teoro l og i c data �heets i n  
Append i x  B .  
So i l s  
The soi l s  survey resu l ts ind ic a te that mos t  
wa tershed l andciwne rs a re benea th t he recommended amoun ts o f  
fert i l i z e r  a p p l i c a tion . Add i t ion a l  ferti l i z e r  a p p l i c a t i on 
was recommended by t he surveyors i n  some ins tanc es . 
Ter rac ing and c on tour p l owing , as we l l  as ma i n ta in i n g  a 
min imum 100 f oo t  s tr i p o f  g rass a long water ways , were 
p rac t i c es observed by the surveyors ( Mun k and Kappen , 1988 , 
person a l  commun i c a t i on ) .  Surveyors s ta te tha t  even i f  h i g h  
P l a te 6 :  Out l et .  




n u t r i en t  c on ten t i s  f ound in the sa i l , that d oes n o t  mean 
the n u t r i en ts w i l l  f in d  t hei r way in to Wa l l Lake un l ess 
those l ands a re h i g h l y  e rod i b l e  since the n u t r i en ts ad here 
to soi l pa r ti c l es .  L i vestoc k  were being kept we l l away f rom 
t he l a k e  and c on t r i bu ting tri bu taries . The feed l ot to t he 
nor t h  o f  s i tes 2 and 3 has an ex tens i ve l agoon sys tem whic h 
c om p l ies wi th Sou t h  Dakota Admin i stra t i ve Regu l at i o n s  for a 
feed l o t . Homeowners o f ten comp l a i n  o f  the sme l l an d q ua l i ty 
o f  runof f  c om i n g  f rom t he d i rec t i on o f  this f eed l o t . 
Water Qua l i ty 
Resu l ts o f  t he water sam p l es showed a h i g h 
con c en tra t i on o f  p hosp horus ( P ,  P04 , P20� ) , ammon i a  ( NH4 ) , 
an d n i t ra tes ( N03 , N02 , N )  in run o f f f rom t he t r i butaries . 
The west i n l et was t he mos t  severe l y  c on tamina ted a t  S i tes 5 
and 6 .  By June , n o  runof f ex i s ted to be samp l ed .  T he on l y  
sam p l es taken were f rom stati on ary wa ter and t he i n l ak e  
si te . S i tes sam p l ed a re s hown o n  M a p  3 .  Data f rom the test 
resu l ts a re s hown i n  A p pend i x  C .  Sou th Da k ota d oes n o t  have 
a . s tand a rd f o r  p hosp ho rus bu t one mig h t  c om pa re t he rates 
w i t h  Minnesota ' s  s tand ard of . 5mg /L • . Most read i n g s  are we l l 
i n  exc ess o f  th i s  s tand a rd . 
S i tes 2 ,  3 ,  and 4 showed a l arm in g l y  h i g h rates o f  
fec a l  co l i f orm bac teri a . I t  c ou l d  not be dete rm i n ed f rom 
' 
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the i n d i c a tor bac ter i a  ( fec a l  co l i form ) i f  t he source was 
f rom l i ves toc k or human waste . This in i t iated t he tak ing o f  
more samp l es f rom t he trou b l ed area in t he wes t i n l et and 
cove . A p pend i x  C shows t he resu l ts of t he bac ter i a  tes ts . 
A read i n g  o f  200 / l OOL i s  the ma x i mum stand ard f or a pub l i c 
beac h .  
Bac teria ana l ysis of the beac h park wate r remained 
wi thin the requi remen ts of the state for water qua l i ty in 
imme rs ion rec rea t i on . T here a re three c ri te r i a , any one o f  
whi c h  wou l d  requi re the beac h t o  be c l osed . T hey a re : 
1 .  Three successive feca l co l i form bac ter i a  c oun ts o f  
200 / 1 00 m l , or more . 
2 .  Two successi ve fec a l  co l i form bac ter i a  c oun ts o f  
300 / 1 00 m l , or more . 
3 .  One c oun t o f  1000 / 100 m l , or more . 
Note shou l d  be made tha t these c r i teria a pp l y  on l y  to pub i ic 
beac hes , no t a l l l ake shore p roperties . 
A l gae Ana l yses 
A l gae ana l yses were f ound to be c on si s ten t wi t h  
previous s tud i es .  Data in A ppend i x  D show t he most common 
forms of a l gae to be · Aphanazomenon �los-aquae and 
Micracyst is ae ruginosa 1 bo t h  of whi c h  a re typ ic a l  o f  
cu l tura l  eu tro p hic a t i on ( Camburn , 1988 ) . Cu l tura l 
.... 
eu t ro p h i c a t i on i s  d e r i ved f rom an thropogen ic ac t i v i t ies . 
Concen trat ion s  i nc reased as t he summer prog ressed . 
Septic Su rvey 
T he doo r  to d oor septic su rvey showed t h a t  887. of 
the l ake s hore homes were not wi t h i n  sta te s tand a rd 
( Houtcooper and Bae r , 1 988 ) .  Cri teria used to d e term ine 
this inc l uded : 
l ake . 
1 .  A bso r p t i on a rea is too c l ose to t he 
2 .  Absorption a rea is too c l ose to a bui l d ing . 
3 .  Sep t ic tan k i s  too c l ose to a bui l d ing . 
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Tab l e  3 d e l inea tes t he S t a te ' s f ind ings . T he most 
f requen t l y  f ound v io l a t ion was t ha t  t he abso r p t i on a reas 
were too c l ose to t he l ake . Sou t h  Dak ota Code Law requi re-s 
1 00 f eet between an absorption f ie l d  and a waterway . Mos t 
l ots a re too sma l l to meet this c ri terion . Many o f  t he 
homes were bu i l t  bef ore 1979 , whi c h  means t ha t  t hey were n ot 
requ i red to meet t he 1 984 Admin i s tra t i ve Regu l a t ions for On ­
S i te Wastewater D i s posa l systems , C ha pter 74 . T hese homes 
a re exempt f rom comp l iance un l ess t hey are po l l u ti n g  a S ta te 
wa terway w h i c h  Wa l l  Lake is , or un l ess the septage i s  
su r f ac i n g . 
' 
WALL LAKE SEPTIC SYSTEM SURVEY - JULY, 1 9 8 8  
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. * 8 systems aurveye·d were I n  compliance with DWNR regulations en 
COMMON PROBLEMS WERE: 
- Absorption area too close to the lake (35 systems/87%) 
- Absorption area too close to buildings (17 systems/33%) 
- S eptic tank too close to the lake (14  aystema/27%) 
- Septic  tank too close to well/cistern (10 ayatems/19%) 
- S eptic tan.k too close to buildings 1(8 systems/15%) 
Regional Reaulta: 
Lake Regional Lo cation North West South East 
No. systems surveyed 13 17 8 18 
Abaorp area too cl ose to lake 10(77%) 10(59%) 4(87%) 11(89%) 
Abaorp area too c lose t o  bldg 3(23%) 8 (35%) 3(50%) 5(31%) 
Septic tank too close to lake 4(30%) 2(12%) 3(50%) 5(31%) 
Septic tank too clos e  to well 7(54%) 1(8%) 0(0%) 2(13%) 
Septic tank too cloae to bldg 4(31%) 2(12%) 0 (0%) 2(13%) 






















- Absorption ·area has only 1 drain field (7 systems/13%) 
- Absorption area too close  to well/cistern (6 systems/12%) 
- System uses seepage pit only (5 systems/10%) 
. - Septic tank too close to a waterline (4 systems/8%) 
- Absorption area too close to a waterline (4 systems/8%) 
- Septic tank too small (3 systems/6%) 
- Absorp area or sep tank too close to property line (2 sys/4%) 
- Absorption area on slant (2 systems/4% ) 
• Old system not abandoned properly (1 system/2%) 












Nut r i en ts f rom t he Watershed 
Eva l ua ti on of n u trien t  con tamin a ti on by DWNR i s  
a t t r i bu ted to the watershed . The · l ac k  o f  a s tand a rd for 
phos phorus and n i tra tes makes l eg a l  determ i n a t i on s  d i f f i cu l t  
s hou l d  t ha t  become nec essary . Neverthe l ess , i n  c om pa r i son 
to o t her g l ac i a l  l akes , t he numbers are h i g h  accord i n g  to 
DWNR o f f ic ia l s . T he a rea of mos t con cern i s  t he west in l et 
where S i tes 5 and 6 a re l ocated ( Houtcooper , 1 988 . ) 
Nu trien ts f rom Wastewater Sys tems 
T he n u trien t eva l ua t ion f rom DWNR made no men tion o f  
possi b l e  con tam i n a ti on f rom fau l ty was tewater sys tems . This 
was su rprising espec ia l l y  in l ig h t of the hi g h  NH4 ( ammon ia ) 
whic h c an be f rom l iquid ferti l i z er bu t i s  a l so in urea . I t  
is not possi b l e  to d isc riminate between sources . No men t ion 
was made of was tewate r  system as a possi b l e  source o f  
phos phorus or n i tra tes a n d  both a re k nown t o  e x i s t  in human 
exc remen t ( Li t t l e , 1 989 . ) 
D I SCUSS I ON :  
Bac teria f rom t he Watershed 
Bec ause of the l ac k  of p rec i pi tation , i t  is d ou b t f u l  
that t he wate r  samp l es c an be considered represen tative of 
runo f f  f rom t he watershed . This does not d i sc oun t the 
wa tershed a s  a non poin t source of con tami n a t i on . I t  does 
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e l imi n a te t he watershed as a con tri buting source d u r ing the 
tes t pe riod f rom J une 2-Sep tember 2 ,  1988 . T h i s  mean s that 
it is un l i k e l y  tha t l i ves toc k in the wa te rshed c ou l d  be 
con tri buting bac te ri a l  c on tamina tion to t he l ake d u r i n g  t h i s  
time . Nei ther i s  i t  l i ke l y  tha t  any a p p l i c a t i on s  o f  manu re 
on to the soi l s  of the watershed a rea during t he test per i od 
wou l d  be a c on tri bu t i ng source because t here was n o  f l u id 
med i um ( wa ter ) wi th w h i c h to mobi l i ze t he bac ter i a  and c ause 
it to mig rate i n to the l ake . However , tests do s how h i g h 
coun ts of n u t r i en ts tha t a re n o rma l l y  assoc i a ted w i th 
ag r i c u l tura l runof f .  T herein l ies the parado x  our 
tec hno l ogy has ye t to dec i pher . Some l andowners i n  t he 
wa ters hed mai n ta in t ha t  t hey a re not respon s i b l e  f o r  
con tamination to t he l ak e  bu t t hat l ake homeowners a re 
responsi b l e  because of f au l ty septic sys tems . Others say 
they are a l ready using BMP ' s  and a re being good s tewar d s  o f  
the l and ( Wa l l Lake Wa tershed meeting , Oc tobe r , 1988 . ) 
Bac ter i a  f rom Wastewa ter Sys tems 
Desp i te the l ac k  of runo f f ,  bac ter i a l c on tamin a tion 
con tinued to e x ist . W hen tak ing samp l es f rom Si tes 1-4 
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bec ame imposs i b l e  due to d raug h t , ex tra samp l es were taken 
a t  S i tes 5 and 6 and f rom the cave a rea . Data s how that t he 
wes t in l et and c ove a reas had hig h l eve l s  of f ec a l c o l i form 
bac ter i a  a t  un pred i c ta b l e  in terva l s . This reg ion i s  
c h a rac te r i z ed b y  an un savory odor a s  we l l .  T he a rea has 
se p t i c  abso r p t i on sys tems tha t  are too c l ose to t he l ak e  and 
c ou l d  be d ra i n i n g  i n to t he l ak e . T he ques t i on homeowners 
rai se is w he ther t he hi g h  l eve l of fec a l  co l i form bac ter i a  
w h i c h p reven ts t hem f rom enj oying t he l ake i s  f rom human or 
l i ves toc k was te . Since t he ind icator bac ter i a  i s  found i n  
the i n tes tines of a l l mamma l s ,  a n  a bso l ute d e termination 
c an n o t  be made as to t he source o f  was te . The d roug h t  w h i c h 
preven ted any w atershed runo f f  does g ive a s t rong ind i c a ti on 
that i t  is human was te , presumab l y  f rom f au l ty se ptic 
sys tems , since l i vestoc k waste bea ring runof f  d id not en ter 
the l ake i n  c l ose prox i mi ty of time to the test period whic h 
s howed h i g h  f ec a l c oun t .  
Except ions to this are a t  S i tes 2 ,  3 ,  and 4 w here 
hig h feca l c o l i f o rm c oun ts were found in Apr i l and May w hen 
there was a sma l l amoun t of runof f .  The numbers l is ted i n  
Appen d i x  C ind i c a te t ha t  t h i s  a rea is sus pec t a n d  s hou l d  be 
c l ose l y  mon i to red w i t h  regard to spring run o f f in 1989 . 
SUMMARY AND OUTLOO K : 
The sai l survey ind ica tes t hat Bes t Managemen t 
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Prac t i c es for the wa tershed area are a l read y in p l ac e  wi th 
the e x c e p tion of s i x  c e l l s ,  and t hat conserva t i on p rac t i c es 
for e rod i b l e  l ands have been imp l emen ted for some t ime . The 
week l y  mon i toring of water qua l i ty at t he pu b l i c beac h has 
al so been c on s i d e red . Ag r i c u l tu ra l l an d s  su r roun d t he area 
to t he sou t h  w h i c h a l so is the d i rec tion of ou t f l ow i n g  
d rainag e . The ba thhouse at the p a r k  has a sea l ed ho l d ing 
tan k f rom whic h was te is profess i ona l l y pumped . I t  can be 
seen f rom the g raph on the Wa l l  Lak e  Beac h Park in A ppen d i x  
C tha t  i n  Ju l y ,  1 988 , t he beac h came c l ose to being un f i t  
for i mme rs ion rec rea t i on w i th a bac ter i a l  read i n g  over 
200 / 1 00 L .  Compare t h is w i th t he wes t in l et and cove whic h 
wou l d  have been c l osed i f  i t  had been a pub l ic beac h rathe r  
than a p r i vate beac h due t o  bac teria l read i n g s  over 1 000 / 1 00 
L .  T he State posted warn ing signs ag ainst sw i mming because 
of the h i g h  bac teria c oun t during t he tes t pe r i od ( see page 
7 o f  A p pend i x  C ) . The State has n o  au thori ty to l eg a l l y  
c l ose p r i va te beac hes . Persons swimming in t h i s  
con tam ina ted wa ter cou l d  con t rac t eye and ea r in f ec ti on s  
and ,  i f  i nges ted , g ia rd ia cou l d  resu l t  ( Bon rud , 1 988 ) . 
Con tinued measu res o f  02 by t i t ra t ion s d u r i n g  t he 
win ter w i l l  ind ic a te the ef fec ts o f  ice and t he w i n ter 
turnove r i f  depth i s · su f f ic ien t . I f  t he l ak e  i s  too s ha l l ow 
for 02 to be sustained d uring the win ter , h i g h  o rd e r  f i sh 
whic h requi re hi g he r  02 l eve l s ,  w i l l  d i e . A l ga l  b l ooms wi l l  
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be de tec ted in ea r l y s tages by con tinued a l gae samp l es f rom 
S i te 7 .  
T he resu l ts o f  t he d oo r  
·
to door septic su rvey were n o t  
in ag reemen t wi t h  p revious s tud i es . Wa l l  L a k e  homeowners 
had been su bj ec t to a sept i c  l eac ha te survey by Swanson 
En v i ronmen t a l , I n c . , in 1 986 . Da ta f rom this su rvey were 
in ter pre ted to s how t ha t  the biggest con tri butor o f  nutrien t 
con tam i n ation was the wa tershed area ( Swan son , � 986 ) . An 
ag r i c u l tura l n on - po i n t source mode l a l so add ressed water 
con tam i n an ts f rom t he watershed a rea ( On stad , 1 987 . ) The 
stud y herein c on tex tua l i zed is more s i te s pec i f ic t han 
ei ther of these s tud i es and tak es i n to accoun t the most 
rec en t d a ta ava i l a b l e  w i th regard to soi l s  in t he c r i t ica l 
ce l l s .  
The f ac t rema i n s  that a l most a l l the l a ke homes a re 
on l o ts that are too sma l l and too c l ose to t he l ak e  to 
treat was tewater f or t he durat ion of a home . Tab l e  4 shows 
the d i stance bac ter i a  and viruses can trave l bef o re be ing 
f i l tered or d i l u ted to the poi n t  t ha t  they are n o  l onge r 
ha rm fu l . The d a ta show that d i s tanc e  and time o f  trave l 
t�roug h soi l s  have a d i rec t bea ring on poten t i a l  
con tam i n a ti on . Mos t l o ts do not have the amoun t o f  l an d  
tha t  is requi red t o  c l eanse e f f l uen t f rom a sep tic sys tem 
tha t  is func t i on in g  proper l y .  I f  the absorp t i on sys tem i s  
si ted i n  sand o r  g rave l , a s  man y  proba b l y  a re accord ing to 
' 
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'l' ab l e  4 :  Distance C o n t a min ants Travel 
s e p t i c  v i r u s  2 2 0 - 1 , 3 1 0  f t  . . . . . . . .  ." K e s w i c k.  & G e r b e ,  1 9 8 0  
s a n d . . . .  §i��Q1 2  ( 9 9 . 3 - 9 9 . 9 % r e m o v a l r a t e )  . . . . . . • .  L o g s d o n  e i  a l . , 1 9 8 4  
( fe w  o u t b r e a k s ) . . . . . . . . . . . . . . . . . .  C r a u n ,  1 9 8 6  
( m i n o r  p r o b l ems ) . . . . • . . . . . . . . . . . .  F i t z g e r a l d ,  1 9 8 3  
s e p t i c  . . . p o l i o . . . . . . . • •  1 2  . . . .  1 7 5 f t  • . . . . . . . . . . . . • .  We s t w o o d  & S a t t e r ,  
( 1 4 . 6  f t / d a y ) . . . . . . . .  1 9 7 6  
s e p t i c  . . •  p o l i o  . . . . . . . • • •  8 . • . .  4 0 . 5 - 6 7 . 5  f t  . • . . . . . • .  S t r a me r , 1 9 8 4  
9 4 . �  f t  . . • . . . . . • . . . • •  S t r a me r ,  1 9 8 4  
4 3  . . . .  1 5 1 . 5  f t  . . . . • • . . . . . . .  S t r a m e r , 1 9 8 4  
7 1  . . • . • . • • • . • • • • . . . . . . . . • • •  S t r a m e r , 1 9 8 4  
1 0 9  . . . .  i n t o  t he l a k e  s e d . 
( f l o w r a t e  o f  GW ) . . . .  S t r am e r , 1 9 8 4  
m o u n d  • . . .  p o l i o  . . • . . . . •  1 0 5 . . . .  3 . 6 5 f t • • • . . . . . . . . . . .  S t r am e r ,  1 9 8 4  
c o l i fo r m  
1 0 0 , 0 0 0 /  
1 0 0 m l  • . . • • • • .  5 6  . . • . . . . . . • . . . . . . . . . . . . . . .  S t r am e r , 1 9 8 4  
D a ta comp i l ed i n  unpub l i shed paper b y  the a u th o r  e n t i t l ed S ep t i c/ 
�so7p t i on S y s tems and Mod i f i c a t i ons for S i ng l e  F ami l y  R u ra l Dwe l l i ng s  
�.n M� nneh aha coun ty . 
.... 
·r ab l e  3 :  
s e p t i c 
i n  f l o o d  
S ep t i c  Sys t em Su rvey con t i n u ed 
l e s s  t h a n  
0 .  � . . . . . . • . .  7 0 - 1 4 7  . . . • • • • . . . • . . . . . . . . • . . . .  S t r a m e r � 1 9 8 4  
p l a i n  . . .  p o l i o . . . . . . . . .  7 - 2 0  d r a i n f i e l d  . . . . . . • . . . .  S t r a m e r , 1 9 8 4  
s e p t i c 
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i n  s a n d  . .  v i r u s . . . . . • • . . • . . . • . 8 2 f t  . . . • . . . . . • . . . . .  W a n g e t  a l . ,  1 9 8 1  
2 1 3  f t  • . . • . . . . . . • . •  � V a u g n  e t  a l . ,  1 9 8 3  
s e p t i c  
i n  l o a m  • .  b a c t e r i a  • . . . . • • . . . . • 9 1 . 8  f t  • . . . . . . . . . • . .  R e n e a u  & P e t t r e y ,  
1 9 7 5  
s e p t i c  • • .  c o l i f o r m  . . . . . . . . . . . .  1 5 0 f t  . • . . . . . . . . . . . .  C r a u n , 1 9 8 1  
s e p t i c 2 1 0  f t  . . . . . . . . . . .  M c G i n n i s  & D e W a l l e ,  
1 9 8 3  
s e p t i c  . . .  b a c t e r i a  . . . •  � • . . . . . . .  S O  f t  . . . . . . . . . . . . . .  C r a u n ,  1 9 8 4  
s e p t i c  
s o l i d  
w a s t e  




t he hyd ro l og y  re ports � l ess f i l tra t i on o f  c on tam i n an ts t a k es 
p l ac e  and g roun dwate r  may become po l l u ted . 
On l y  f l ow i n to t he l ake was recorded and tha t 
occ u r red p r i o r  to J un e  a t  whic h poi n t no run o f f or 
p rec i p i ta t i on was added t o  the l a k e . S i n c e  n o  run o f f f rom 
ag r i cu l tura l sources i n  t he wat e r s hed e x i s ted e xc e p t  in t he 
ear l iest s tages o f  tes t i ng , i t  c an be assumed t ha t  sources 
of f eca l bac ter i a  and possi b l y  nu trien ts during t h i s  tes t 
pe riod are f rom wastewa ter sys tems i n  c l ose prox im i ty to t he 
l a ke . T h i s  l i k e l i hood i s  su p por ted by t he resu l ts o f  t he 
sep t i c  su rvey and t he p re l iminary eng ineering report 
spon sored by the san i ta ry d is tr i c t .  
Ano ther probab l e  source o f  c on tam i n a t i on to W a l l  
Lake i s  in the waters hed . Hig h  p hosp horus has been s hown i n  
t he u p pe r  t r i butaries and in p re-June runof f .  Con t r i bu t i on 
of nutr i en ts i n to the water co l umn f rom e x i s t i n g  sed imen ts · 
is ano ther poss i bi l i ty i f  m i x ing o f  sed imen ts in to t he water 
c o l umn can be s hown . Howeve r , the therma l s t ra t i f i c a t i on 
req u i red for t he convec t i on tha t wou l d  inj ec t n u tr i en ts in to 
the water co l umn does n o t  e x is t i n  suc h sha l l ow wate r . 
Fu r t hermo re , the ind i c a tor bac teria d oes n o t  l i ve l ong 
enoug h ( 3  mon ths ) to be inj ec ted f rom t he year be f ore if i t  
was part o f  t he sed i men t l oad ( Ta b l e  5 . ) Since bac ter i a  
coun ts i nc reased as t he summer p rog ressed , sed imen ts a p pear 
to be a very un l i k e l y  source o f  bac ter i a . 
' 
T ab l e  5 :  Su rv i v a l T i me of Pat hogen s  
Reported S urvival Times o f  Pathogens 
in the Free E nvironment 
Survival Times 
Organ ism In Water In Soi l 
Salmonefla Tap 4-7 d ays; M in .  1 d ay 
typhosa raw river 1 -4 days; Max .  2 yrs.  
drai nage canal  2 d ays G e n .  1 00 d ays 
Vibrio Tap 1 -2 days; M oist t ropical 
cholera raw river 2-3 d ays 7 days 
Entamoeba 3-153 days, 6-8 days 
histolyrica 12-37 ° C  Moist soi l ,  
24-34 ° C 
Shigella, spp. Max. 1 0  days ;  
does not gr9w i n  
natural waters 
Hookworm 6-1 2 'Nee ks. 
1 5-35 ° C 
Roundworm 3 weeks 
Coliform 3 days 
bacteria 3 mos. 
E. Coli. 2 yrs. 
Enteric Sea water 2-1 30 days; Soi l  25-175 d ays; 
vi ruses river 2-1 88 d ays; landfi l l  l each ates 
tap 5-1 68 d ays ;  7-90 days ;  m arine and 
oysters 6-90 d ays freshwater s e d i ments 
Source: Broward County (Fla.) Public Works Dept . ,  Water Resources Manage ment Division. 
The Potable Water Wei/field Protection Program for Broward County. Florida (December, 1 983). 
( Credi t :  · Jaffe , 1 9 8 7 )  




A f ter con sidering the forg oi n g  i n f orma t i on � i t  i s  
sugg es ted t h a t  t h e  best in teres ts o f  t he res i d en ts o f  t he 
Coun ty and t he l a k e  i ts e l f ,  wou l d  be served by pu rsu ing t he 
fo l l ow i n g  cou rses o f  ac tion . 
RECOMMENDAT I ONS 
1. The s tage recorder shou l d  be se t to rec ord norma l 
in f l ow and out f l ow d u r i n g  spring rai n s  and runo f f i n  1989 or 
w hen n o rma l p rec i pi tat i on resumes . 
2 .  Spring runo f f s hou l d  be sam p l ed and an a l y z ed . 
Us i n g  E .  co l i  as t he i nd icator bac ter i a  i n s tead o f  fec a l  
co l i f orm wi l l  d i sc l ose whether t he sou rce o f  bac te r i a  i s  
f rom l ives toc k o r  human was te ( Du four , 1984. ) Ana l ys i s  o f  
these sam p l es a l so w i l l  g ive represen ta t i ve d a ta o f  t he 
n u t r i en t  l oad f rom t he watershed . T here i s  a d an g er in t h i s  
determi na tion i n  t ha t  " f inger poi n t i n g '' m a y  resu l t  and 
n o t h i ng p roduc t i ve be accomp l is hed . A l l en ti t i es s hou l d  
coopera te to bear t he f inanc i a l bu rden o f  remed i a l  ac t ion . 
3 .  Res tora t i on or en hancemen t o f  we t l an d s  a t  t he 
in l e ts s hou l d  be �ncou raged to ac h i eve a h i g h percen tage of 
nu tr ien t f i l t ra t i on . Wet l ands may be seeded w i t h  f l ora suc h 
as c a tta i l s ,  tha t use hig h concen trat i on s  o f  n u tr i en ts ,  t hus 
f i l teri n g  the wa ter before i t  en ters t he l ake . I t  i s  
es t i ma ted t ha t  u p  t o  607. o f  the nutrien ts may b e  d i ssem-
i n a ted by t h i s  method ( S iege l , 1988 , person a l c ommun i­
c a t i on . ) Low over head wei rs ( 2-3 f eet ) shou l d  be 
con s t ruc ted to s l ow down t he f l ow ,  thus a l l ow i n g  n u t r i en t  
l aden sed imen ts t o  se tt l e  out before the water en ters the 
l a ke . 
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4 .  I t  has been sug g es ted that nearby f eed l o ts a re 
res pon si b l e  for t he h i g h  l eve l s  o f  fec a l  c o l i f orm bac teri a  
a s  we l l a s  the n u t r i en t. i n f l ux . The ex i s t i n g  feed l o ts have 
been found to be in c om p l i ance w i t h  Sout h  Dak o ta ' s 
regu l a ti ons for a c a t t l e  c on f inemen t ope ra t i on w i t h  l agoon s . 
A more l i ke l y  possi bi l i ty i s  t hat former g ra z ing a reas for 
l i ves toc k are l eac h i n g  n i trates and a l l ow i n g  p hos p horus 
runo f f  i n to the t r i bu ta r i es . When . l ives toc k a re removed 
f rom an a rea , the ha rd pan c rea ted by hooves b rea k s  up by 
n a tu ra l p rocesses of eros i on and further l eac h in g  occ urs . 
Thi s c an go on for 20 yea rs o r  more ( Top , 1 988 , and Kappen , 
1 988 , person a l  c ommun i c a ti on . )  There i s  a s i te to t he 
sou t hwes t of the l ak e  tha t  used to be a hog o pe ra t i on . An 
in termi t ten t s tream d ra i n s  f rom the area durin g  h i g h 
rain f a l l an d heavy snowme l t .  I t  d rains i n to t he c ove w hi c h 
is f u l l of n u t r i en t r i c h  sed i men t .  A recen t p ro be throug h 
the i c e  s howed wa ter i n  t he c ove ranged f rom 4-9 f eet deep 
and known sed i men ts ranged f rom two inc hes to 4 f ee t  
( person a l obse rva t i on , Marc h 1 6 , 1989 . ) Dred g i n g  o f  this 
area i s  therefore recommended . 
' 
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5 .  Landowners n o t  us ing Bes t  Man agemen t Prac t i c es 
( BMP . s )  to c u r ta i l eros ion shou l d  be encouraged to d o  so and 
s hou l d  be made awa re of t he various he l p  programs avai l ab l e  
to t hem throug h Soi l Con serva tion Survey . Thi s i s  c r i t i c a l 
bec ause some n u t r i en ts ad here to so i l  par t i c l es ,  w h i c h w hen 
they are tran s por ted by eros ion i n to t he l a k e , a l so 
tran s port t he n u t r i en ts .  T h i s  c auses overen r i c hmen t o f  
n u t r i en ts w h i c h p roduces advanced a l g ae g row t h . Lac k o f  
cooperation c ou l d  b e  in terpre ted b y  the State as de l i be ra te 
c on tami n a t ion of a s ta te wa terway whic h is a vio l ati on o f  
Sou t h  Dak o ta Code Law , Cha pter 74 . 
6 .  I t  has been sug g es ted by members o f  t he Wa l l  Lake ad 
hoc task force t ha t  n u t r ien t ric h sed i men ts a re c hu rn ed u p  
b y  wave ac t i on i n to t he water c o l umn and c ou l d  be 
res pon s i b l e  for t he h i g h  l eve l s  of bac teri a  and /o r n u t r i en ts 
in some tes t a reas . However , this type of u pwe l l in g  i s  
usua l l y  genera ted by therma l s t ra t i f ic a tion , o r  t he 
d i f feren t tempera tures in a water bod y . The top l ayer of 
water becomes co l d  and sinks as the warm l ayer und e rn ea th 
ri ses to t he sur f ac e , t hus causing a convec tion c yc l e .  
Lake is too sha l l ow to have therma l strati f ic a ti on w h i c h 
wou l d  c ause t h i s  c on vec tion induced c hurn i n g , and t hus 
Wa l l 
ad vance n u t r i en ts i n to t he wa ter c o l umn . I t  i s  t herefore 
recommended t ha t  t h i s  source be d i sc oun ted for the t i me 
bei n g  un ti l more apparen t con tamination sourc e s  a re 
add ressed . 
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7 .  T he rev i ved Wa l l  La ke San i ta �y D i s t r i c t  has eng aged 
an en g i neer i n g  f i rm to mak e  recommendat ions reg a rd ing 
upg rad ing the p resen t wastewater sys tems o r  i m p l emen t i n g  a 
co l l ec t ion sys tem . Du ring the in ter i m , con sc i en t i ous 
main tenanc e  of ex i s ti n g  sys tems is recommended . 
inc l ude us�ng on l y  l ow phospha te d e te rgen ts . 
T h i s  may 
B .  Homeowners may wan t to be c autious a bou t t he amoun t 
of l awn f e r t i l i z e r  u sed i n  c l ose p rox imi ty to t he l ak e , as 
i t  con ta ins t he same c hemic a l s  used to ferti l i z e c rops in 
the wa ters hed . I n  f ac t  some homeowners wa te r  thei r l awns 
with l ak e  wate r  i n  order to ben ef i t  f rom the n u t r i en ts i n  
the water a n d  t o  save o n  the i r  wa ter b i l l . 
9 . Dred g ing wou l d  p ro l on g  t he l i fe o f  t he l ak e  by 
deepen i n g  i t  and s l ow i n g  the natura l p rocess to wet l and and 
dry l an d . A t  t h i s  t i me , the c r i tica l area f o r  d redg in g  i s  
the wes t  i n l et and t he cove w hi c h  in the pas t h a s  been 
subj ec t to a heavy sed i men tation . To d redge t he en ti re l a k e 
wou l d be a cost l y  p rocess but i t  wou l d  have pos i t i ve ef fec ts 
on wi l d l i f e  ha b i ts · and f ishing . Any d red g ing wou l d  be 
coun ter-produc t ive i f  p rob l ems i n  the watershed and wi th 
wastewa te r  sys tems a re not add ressed be fore d redg in g  beg ins . 
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SUMMARY : 
I t  theref ore i s  rec ommended that a c o l l ec ti on 
was tewa ter system be i n s ta l l ed wi t h  p roper l agoon t reatmen t 
correc t l y  si ted servi en t to the d ra i n age o f  t he l ak e . T he 
en han c e d  we t l ands s hou l d  be insta l l ed a l on g  w i t h  BMP ' s and 
deterren ts to eros ion i n  those ce l l s w h ic h are c r i tica l . 
Feed l ots s hou l d  be requi red to have l agoon sys tems and those 
tha t e x i s t  s hou l d  be s pat c hec ked for c omp l i anc e  w i t h  the 
S ta te code . Dredg i n g  s hou l d  occur a t  t he c ove and wes t  
in l e t  a t  a min imum . I f  t he cos ts can be j us t i f i ed , d redg ing 
the en t i re l ak e  c ou l d  be a posi tive s tep bu t n o  d redg ing 
shou l d  occur w i t hout add ress ing t he o t her p ro b l em areas . 
COMPAR I SONS : 
Lake Camp be l l  is an e x am p l e  o f  a l ak e  res tora t i on 
proj ec t w here d redg i ng i s  preced ing BMP ' s  and i n s ta l l a t ion 
of a homeowne r ' s  was tewa ter co l l ec tion system . T he benef i ts 
probab l y  wi l l  be short term and t he p rocess i s  very 
ex pens i ve ( un pub l i s hed paper by Van Hun n i k , et a l , 1987 ) . 
Dredg ing cos ts abou t $40 , 000 pe r mon th .  T h i s  i s  n o t  to say 
tha t  d redg in g  is n o t  va l ua b l e . Dredg ing Lak e  Campbe l l 
dee pened t he l ake and , i f  i t  i s  done .proper l y , c reates 
habi tats for a hig her o rder of f is h  t han p resen t l y occ u py 
the l ak e  i n  l arge n umbers . 
Lake Mad i son i s  anot he r  g l ac ia l  l ake w here t he l ake 
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assoc i a t ion add ressed a hypereu t rophic s i tuat i on by 
i n s ta l l in g  a cen t ra l  was tewa ter co l l ec t ion sys tem . T he 
resu l ts have been g radua l bu t posi t � ve . Hig he r  order f i s h  
have re tu rned in g rea ter num bers , l ess a l gae i s  a p paren t and 
wa ter c l a r i ty has i m p roved ( Lu t her , 1988 , per son a l 
commun i c a t i on . )  T he possi bi l i ty o f  do i ng some d redg ing a t  
this s tage o f  t he Lak e  Mad i son res toration i s  be ing 
add ressed by t he l ak e  assoc i a t i on . This approac h ma k es more 
sen se in t h a t · sources are being add ressed f i rs t , in o rder to 
rea l i ze l on g  term benef i ts .  
I MPLEMENTAT I ON 
T he Wa l l  La ke restora t i on p roj ec t i s  occ u r ring 
d u r i n g  a un i q ue t i me .  T he fed e ra l  governmen t has c eased to 
fund EPA g ran ts for wa ter proj ec ts , but has p rom ised seed 
mon ey to a S ta te Revo l ving Fund ( SRF ) for l oans toward water 
proj ec ts at very l ow i n teres t . The idea is to rep l ace 
gran ts wi t h  l ow i n teres t l oans that wi l l  become a renewab l e  
resourc e for f un d i n g . This wou l d  be espec i a l l y  advan tageous 
in l i g h t  of the f ac t  that suc h a sma l l number of peop l e  
wou l d  be in vo l ved . i n  beari n g  t he l oad o f  a ve ry e x pen s i ve 
p roj ec t . T h i s  use o f  tax do l l ars c an be j us t i f i ed by the 
fac t tha t  heavy use t omes f rom Sioux Fa l l s  and sur round in g  
commun i ti es .  
Whatever sys tem is determined by t he San i ta ry 
Di s tr i c t  to be the mos t feas i b l e  option for the Wa l l La k e  
homeowners , i t  i s  hoped that matc hing fun d s  w i l l  c ome f rom 
the s ta te and fed era l governmen t .  T hei r eng in ee r i n g  f i rm 
bO 
has su bm i tted pre l im i n a ry proposa l s  a l on g  w i t h  c os ts to the 
San i ta ry D i s t r i c t f o r  t he i r  considera t i on ( Um l and , e t  a l , 
1988 , person a l  commun i c a t ion . )  Cos ts range f rom $600 , 000 to 
$ 1 . 1  mi l l ion . 
CONCLUS I ON :  
I mp l emen ta t i on o f  these rec ommend a t i on s  w i l l  i n c rease 
the a b i l i ty o f  Wa l l Lak e to serve rec rea t i on a l  n eeds o f  
Minnehaha Coun ty and su rround ing commun i ties . Lake 
restoration wi l l  have pos i tive l ong term rami f ic a t i on s . As 
the aes t he t i c  va l ue of the l a k e  improves due to i n c reased 
water qua l i ty ,  l ak e  shore proper ty wi l l  inc rease in va l ue .  
A l ong the n o r t hwes t s hore , the re are man y p l a t ted l o ts w h i c h  
wou l d  n a t  b e  served by i n s ta l l a t i on o f  a was tewa ter 
co l l ec t ion sys tem . I f  t he owner dec i d es to vac a te t hose 
p l a ts ,  the poss i b i l i t ies for deve l opmen t of ano ther park an d 
pub l ic rec rea tion a rea becomes mo-re feasi b l e . I f  t hey a re 
so l d  as l o ts requ i r i n g  septic sys tems , more p ro b l ems cou l d  
resu l t . because the l o ts a re too sma l l to acc ommodate suc h 
systems aver t he l i f e  o f  a l ak e  home . 
6 1  
Use o f  t he Coun ty Beac h P a r k  a n d  the G i r l  Scou t  Camp 
proba b l y  wi l l  inc rease . The o l d  ro l l er s k a t i n g  r i n k , whic h 
has been part i a l l y renova ted , w i l l  be in an i dea l l oc a tion 
for bus iness . I n te res t in deve l op i n g  the sou th s ho re has 
been shown by seve ra l f i rms . T he S ta te Park may e x perience 
g rea ter use , as s hou l d  t he boa t ramp a rea ma i n ta i ned by Game 
F i s h  and Park s .  I t  may become necessary to mon i to r  t he 
numbe r o f  boa ts or res t r i c t mo tor s i z e  on the l a k e  i n  the 
in terest o f  sa f e t y . 
The pos i t i ve ef fec ts on wi l d l i fe ,  p l an ts and t he 
hea l th of. l a k e  users wi l l  tak e  time to evo l ve .  T he pos i t i ve 
resu l ts o f  res toration o f  g l ac i a l  l akes c an be seen i n  the 
g radua l i mprovemen t of Lake Mad i son an d Lake Camp be l l .  The 
i mprovemen t is mos t  noticea b l e  in La ke Mad i son w he re f i sh 
q ua l i ty has i n c reased , a l ga l  b l ooms have dec reased , and 
water c l ari ty has i mproved ( S i eg e l  and Lu t he r  198 8 , person a l 
commun i c a tion . )  
Wa l l  Lake w i l l  never be pri s t ine . T ha t  i s  n o t  the 
c harac ter o f  a g l ac i a l  l ake . To re turn i t  to a hea l t hy 
eu tro p h i c  _ s ta te is an ex pens i ve and con t roversi a l 
und ertak ing . No one wan ts to c l a im responsi b i l i ty for the 
con tam i n a t i on that ex i s ts . S tud ies of Wa l l  L a k e  over t he 
l as t  ten years c an substan t i a te or neg a te t he respon s i bi l i ty 
o f  a l l three sources considered . I t  is not n ec essary 
however , to p l ac e  b l ame in ord er to remed iate t he water 
q u a l i ty a t  Wa l l  La k e . Even i f  b l ame c ou l d  be d e f i n i t i ve l y  
p l ac ed , t he same remed i a l  measu re s  wou l d  p r o ba b l y  t a k e  
p l ac e . I f  a l l en t i t i es i n vo l ved w i l l  · se t a s i d e  t he i r  
d i f f e rences o f  o p i n i on and c oo pe r a te w i t h  one an o t he r , t he 
bes t i n te res ts o f  t he pu b l i c w i l l  be se rved . 
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0 - i O  
1 0 - '2 7  
..., .., _  5 7  ._ . .  
T e s t H o l e  5 
S c1 n d 1 
c l d ')' 1 
C l a y , 
b ,- o w n  i o o ,- a n g e , f i n e , g ,- a v e l , w e  L L - �- o u n d e d 
">' e l l o w  1 s a n d y , s i l t y I . p e b b l y ( w e  d t h e ,- e d t i L l ) 
g ,- a y ,  s a n d y , s i l t y ,  p e b b l y ( 1 i L L ) 
* * * * 
L o c a t i o n :  N W  N W  N W  N W  s e c . '2 1 , T .  i 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 7 0  
D a i e D ,- i t l e d : J u l y 9 , 1 9 7 9 
0 -
1 - 5 
5 - '2. 1  
2 1  -· 6 6  
T e s t  H o l e  6 
T o p s o i l ,  b l � c k , s a n d y  
S a  n d I f i n e t o r•t e d i u "' , w i t h c l a y 
C l a ),. I y e l l o w - b ,. o w n  I 5 i l t y , 5 a n d y , p e b b l y ( w e  a t h e ,- e d 
t i l l ) 
C l a y 1 g ,. a y ,  s i L t y ,  s a n d y ,  p e b b  l y < t i l l ) 
* * * * 
L e e  a t  i o n : S E  S W S E  S W  s e c . 1 6 ,  T .  1 0 1  N .. , R .  5 1  W .  
E l e v a � i o n :  1 5 7 3  
D a t e D ,- i l L e d : J u l y 9 1 1 9 7 9 
0 - 3 
3 - 1 6  
1 6 - 6 7  
T e s t H o l e 7 
T o p  s o  i L 1 b L a c k ,  s a n d y  
C l a y , b r 'o w n  , s a  n d y , s i l t y , p e b b l y ( w e  a t h e r e d t i l l ) 
C l a y , b ,- o w n  i s h - g ,- a y , s a n d y 1 s i l t y 1 P e b b l Y ( t i l l ) 
* * * * 
L o c a t i o n :  S E  S W  S E S E  s e c . '2 1 , T .  1 0 1 N . 1 R .  5 1  W .  
E l e v a t i o n :  1 5 6 0  
D a t e D ,- i l l e d : J u l y 9 , 1 9 7 9 
0 - 1 
1 - 9 
9 - ..., ..., "'- -
2 2 - 7 6  
T e s t  H o l e  8 
T o p s o i l ,  b l a c k ,  s a n d y  
S a n d , � i n e t o  m e d i u m ,  w i t h c l a y , b u f f  c o l o r e d 
C l a y I y e l l o w - b ,- o w n  , 5 i l t y , s a  n d y , P e b b l Y ( w e  a t h e ,- e d 
t i l l ) 
C l . a y I g ,- a y , s i l t y , s a n d y , P e b b l Y ( t i l L > 
0 b s e ,- v a t i o n  w e  l l p l a c e d i n t h e s h a L l o w  s a  n d 
* * * * 
L o c a t i o n :  SE S W N E  S E  s e c . 2 1 , T .. 1 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 7 2  
D a t e D ,- i l l e d : J u l y 1 0 , 1 9 7 9 
0 - 3 
3 - 6 
T o p s o i l ,  b l a c k ,  c l a y e ')· ,  s a n d y  
C l a y , y e l L o w ,  s a n d y  
A2 
T e s t H o l e  8 - - c o n t i n u e d . 
6 - i 7 
1 7 - 6 5  
{J 5 
S a n d , f i n e 1 g ,- a 'v e l , w e  l l - ,- o u n d e d 
C l a y , b r o w n  t o  g r a y , s i L t y , . v e r y s a n d y  a n d p e b b l y  
V e r y h a r d  r o c k , p o s s i b l y � u a r t z i t e o r  g r a n i t e 
A3 
0 b s e ,- v <3 t i on we l l i : i 5 f e e  t o f p l a s t i c c a s i n g a n d 3 - f o o t 
s a n d p o i n t 
* * -lit * 
T e s t H o l e  9 
L o c a t i o n :  N E  N E  S E S E  s e c . 2 0 , T .  i O i N . , R .  S i  W .  
E l e v a  t i o n :  i 5 6 2  
D a t e D ,- i l l e d : J u l ,. i 0 , i 9 7 9 
0 -
i - 7 
7 - ; 3 
1 3 - i 5 
1 5. - 3 1  
3 1 - 8 6  
C l a y ,  y e l l o w ,  s i l t y ,  s a n d y , p e b b l y ( w e a t h e 1- e d  t i l l ) 
S a n d , f i n e w i t h s i l t 
G ,- a v e l , f i n e t o rel e d i u 111 I w i t h s a  n d I f i n e t o c o a ,- s e 
C l a y ,  y e l l o w ,  s i l t y ,  s a n d y , p e b b l )' 
G ·r a v e L , f i n e t o rel e d i u rn I w i t h s a  n d a n d s i L t 
C l a y , g ,- a y , s i l t y , s a n d y , a n d v e �- y p e b b t y < t i l l ) 
T e s t H o l e  1 0  
L a c  a t i o n  : N E S E S E S.E s e c . 2 0 , T • 1 0 i N • I R • 5 1 W • 
E l e v a t i o n :  1 5 7 i  
D a t e D ,- i L l e d : J u l y 1 0 , 1 9 7 9 
0 - 2 0 
2 0 - 5 7  
C l a ).' , b ,- o w n  , s c1 n d y , p e b b L y < w e  a t h e �- e d t i l l ) 
C l a y , g r a y , s a n d y ,  p e b b l y  < t i l l )  
* * * * 
T e s t H o l e · 1 1  
L o c a t i o n :  S E  S E  N E  S E  s e c . 2 0 1 T .  i 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 7 0  
D a t e D �- i l l e d : J u l y 1 0 , i 9 7 9 
0 -
; - i i 
1 1 - 6 6  
T o p  s o  i l 
C l a y , y e l l o w - b ,- o w n  , s i l t y , s a n d y , P e b b l y < w e  c. t h e  1- e d 
t i L l > 
C l a y , g ,- a y , s i l t y , s a n d y , p e b b l )' ( t i l l ) 
* * * * 
T e s t H o l e  i 2  
L o c a t i o n :  S W  N E  N E  S W  s e c . 2 1 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 8 2  
D a t e  D l- i l l e d : J u l y  i- 1 ,  1 9 7 9  
0 - 3 
3 - i i  
T o p s o i l ,  b l a c k ,  c l a y e y  
C l a y , b r o w n , s a n d y ,  p e b b l y  
I 
T e s t H o l e  1 2  - - c o n t i n u e d . 
1 i - 1 8 
i 8 - 6 7  
S a n d , 
C l a y ,  
f i n e 1 o g l- a v e l 1 w e  l l - ,- o u n d e d 
g ,- a y 1 s a  n d Y , s i l t y , . p e b b l y < t i l l ) 
* * * * 
T e s t  H o l e  1 3  
L o c a t i o n :  S W S E S E  N E  s e c . 2 1 , T .  1 0 1 N . , R .  5 1 W .  
E l e v a t i o n :  i 5 7 9  





T o p s o i l ,  b l a c k ,  s a n d y , s i l t y 
S a n d , t· u s t , f i n e t o  g t· a v e l 
5 - 2 0  C l a y I y e l l o w  , s i l t y , s a  n d y , v e ,- y p e b b l y ( w e  a t h e ,- e d 
t i l l > 
2 0 -· 
5 0 -
5 0  
6 6  
C l a y , 9 l- a }' , s i l t y , s a n d 7' , p e b b l y < t i l l ) 
C l a y , q ,- a y , s i l t y , v e ,- ;· s a  n d y , p e b b l y 
T e s t  H o l e  1 4  
L o c a t i o n :  S W  N W  N W  S W  s e c . 2 2 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 8 0  
D a t E· D ,- i l l e d : J u L y 1 i , 1 9 7 9 
0 - 3 T o p s o i l ,  b l a c k , s a n d y 
3 - 6 S a n d , 1· u s t y  1 f i n e ,  g 1· a v e l 1 
6 - 1 5 C l a y , b t· o w n  1 s a nd y , s j l t y  J 
1 c� _; - 6 7  C l a y , 9 1· a y  I s a n d y , s i l t y  I 
* * * * 
T e s t H o l e  , 5  
w e l L - r o u n d e d  
p e b b l y ( w e  a t h e ,- e d 
p e b b l y  ( t i l l )  
L a c  a t  i o n : S E  N W  N W  S W  s e c . 2 2 , T .  1 0 1 t� . , R .  5 1  W .  
E l e v a t i o n :  1 5 6 7  
D a t e  D r  i l l e d : J u l y  1 i , 1 9 7 9  
T o p s o i l 1  b l a c k ,  c l a y e y , s a nd y  
t i l L > 
0 - 1 
1 - 1 5 C l a y I y e t l o w - b r o w n  , s i l t y , s a  n d y 1 p e b b L y < w e  a t h e  l- e d 
i S - 7 6  
t i L l > 
C l a y , g l- a y , s i L t y , s a  n d y I s o  r11 e w h a t p e b b  l y < t i l l > 
. * * * * 
T e s t  H o l e  1 6  
L o c a t i o n :  N W  S W  S W  S W  s e c . 2 2 , T .  1 0 1 N . l R .  5 1  W .  
E l e v a t i o n :  1 5 8 0  
D a t e  D t- i l l e d : J u l y  1 1 1  i 9 7 9  
0 - 2 
2 - 6 
6 - 1 9  
T o p s o i L ,  b l e� c k 1 c l a y e y , s es n d y 
C L a  ·y- I y e  L l o w ,  s i l t y 
S a  n d 1 f i n e t o q ,. a v e L , s i l t y 1 w e  l l - 1· o u n d e d 
A4 
T e s t H o l e  i 6  - - c: o n t i n u e d . 
i ii - 2 4  
� 4 - 5 7  
C l .:. y , b ·.- o w n  , s a n d "l , s i L t y , p e b b L y < w e  a t h e ,- e d t i L l ) 
C l a 'l , 9 ,- a y , s a  n d )-' , 5 i l t Y , P e b b l y ( t i l l ) 
* * �- *• 
T e s t H o l e 1 7 
L o c a t i o n :  N lJ S W  S W  S W  s e c . 2 2 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 8 0  
D c• t e D ,- i l l e d : ...J u l y 1 2 , i 9 7 9 
0 -
i - 9 
9 - 2 4  
2 •l - 3 3  
3 3 - 5 .S 
T o p s o i l ,  b l a c k ,  s a n d y  
C l a y , 1' e l l o w  , s i l t y , s a n d y , p e b b L y < w e  a t h e ,- e d t i l L ) 
C l a ..,, , y e l L o w  , 5 i l t y , s a n d y , v e ,- y p e b b l )' 
C l a y , g ,- a 'l , s i l t y , s a n d y , v e i- y p e b b l y ( t i l L ) 
S a n d , s i l t  t o  m e d i u m ,  s u b r o u n d e d  w i t h m u c h  g r a y  c l a y  
< s a n d y  t i l t ) 
* * * * 
T e s t H o l e  1 8  
L o c a t i o n :  S E  N W  S W  S W  s e c . 2 :2 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 7 0  
D a t e  D t.: i L l e d : J u l )' 1 2 , i 9 7 9  
0 - 4 
4 - 7 
7 - 2 1  
2 1 - 6 7  
T o p s o i l ,  b l a c k ,  c l a y e y  
C l a y , y e ,l l o w ,  s i l t y 
C L a y , b ,- o w n  , s a  n d y , s i L t y , p eb b L y < w e  a t h e ,- e d · t i L l ) 
C l a y , g ,- a y , s a  n d y , 5 i l t y , v e ,- y p e b b L y a f t e ,- 2 5 f e e  t 
( t i l l ) 
* * * * 
T e s t  H o l e  1 9  
L o c a t i o n :  S E N E N E  N W  s e c . 2 1 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n . : 1 5 6 0  
D a t e D , .. i l l e d : J u l y 1 2 , 1 9 7 9 
0 -
1 - 1 5  
1 5 - 5 5  
5 5 - 7 6  
T o p s o i l ,  b l a c k ,  s a n d y , c l a y e y  
C l a )' , b u f f , s i l t y , s a n d y , p e b b l y < we a t h e ,- e d t i L L ) 
C L a y , g ,- a y , s i I. t y , s a n d y , p e b b l y < t i l l ) 
S a n d , 9 1- a y , v e r y  c l a y e y , s i l t y  < v e r y  s a n d y  t i l l ) 
T e s t  H o l e  2 0  
L o c a t i o n :  N W  S E  N E  N W  s e c . 2 1 , T .  1 0 1 N .  1 R .  5 1  W .  
E l e v a t i o n :  1 5 6 0  
D a t e  D l- i l l e d : J u l y  1 2 1  1 9 7 9  
0 - 4 
4 - 7 
7 - 1 3  
T o p s o i l ,  - b l a c k ,  s a n d y  
C l a y , d c:n- k b r o w n , s a n d ">' 1 s i l t Y 
C l a y , b ,- o w n  , s a  n d y , s i l t y , p e b  b l y 
. -
A S  I 
T e � t H o l e 2 0  c o n t i n u ed . 
1 3 - , 7 S a n d , g )- d )' 1 f i n e , s i l t y 
1 7 - 2 5  C l a y ,  b l- o w n , s a n d ">' ,  s i l t y I p e b b l. y 
� s - · 2 7  C l a y , b l a c k , v e l- y  l i t t l e s a n d O l- s i l t 
2 7 - 6 0  C l a y , g l- a Y , s a n d y , p e b b l y ,  v e l- y  s i l t y  < t i l l ) 
* * * * 
T e s t H o l e  2 1  
L o c a t i o n :  S E S E  S W  S W  s e c . 1 7 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 7 5  
D a t e D l- i l L e d : J u l y 1 2 , 1 9 7 9 
0 - 3 
3 - 2 5  
2 5 - 4 6  
T o p s o i l ,  b l a c k ,  s i l t y ,  s a n d y  
C l a y , Y e L L o w - b r o w n  , s i l t y , s a n d y , p e b b  l y ( w e  a t h e \- e d 
t i l l ) 
C l a y , g ,- a Y , s i L t y , s a  n d y , p e b b l y < t i l l ) 
* * * * 
T e s t H o l e  2 2  
L o c a t i o n :  N E  N E S E S E  s e c . 2 0 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 6 1  • 
D a t e  D 1· i l l e d : J u l y  1 3 , 1 9 7 9  
0 - 1 
1 - 1 5  
1 5 - "'1 "'1  .:.. .;_ 
2 2 - 4 5  
4 5 - 6 6  
T o p s o i l ,  b l a c k ,  s a n d y 
S a n d , r u s t y ,  f i n e ,  g r a v e l 
S a n d , m e d i u m ,  s i l t  
S i l t y s a n d a n d g ,. a v e l , s o  r.1 e w h a t s o  r 1 e d i n l a y e 1- s , 
3 t o  5 f e e t t h i c k 
C l a y , g r a y , s i l t >· ,  s a n d y , p e b b l y  ( t i l l )  
O b s e r v a t i o n w e l l  2 :  3 8  f e e t o f  p l a s t i c  c a s i ng a n d  
3 - f o o t s a n d p o i n t 
* * * * 
T e s t  H o l e  2 3  
L o c a t i o n :  S E N E S E  S E  s e c . 2 0 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n : 1 5 7 0  







2 4  
3 3  
3 5  
5 7  
S a  n d , ,- u s  t y , f i n e . t o c o a \- s e , s i l t y 
C l a y , b r o w n , s a n d y , p e b b l y  
S a n d , f i n e ,  g r a v e l ,  s i l t y ,  w e L L - t- o u n d e d  
S a n d , g r a y , f i n e ,  v e r y s i l t y 
C l a y ,  g 1· a y , s a n d y ,  s i l t y ,  p e b b l y  ( t i l l ) 
A6 
T e _c; t  H o l e  2 4  
L. o c Cl t i o n :  · s E N W  N E  N E s e c . 2 8 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  i 5 6 0  
D a t e D ,- i l l e d : J u l y 1 3 , 1 9 7 9 
0 - T o p s o i l ,  b l a c k ,  c l a y e y , s a n d y  
i - 2 1  
2 1 - 5 6  
C L a y , ,. e L l o w  , s i l t 'i' , s a n d y , p e b b l y < w e  a t h e r e d i i l l > 
C l a y , g ,- a y , s i l t y , s a n d 1' , p e b b l y ( t i L L ) 
* * ·It * 
T e s t  H o l e  2 5  
l o c a t i o n :  N W  N E  N W  N W  .s e c . 3 4 , T .  1 0 1 N . , R .  5 1  W .  
E l e v a t i o n :  1 5 5 0  
D a t e D ,- i l L e d : J u L y 1 6 , 1 9 7 9 
0 - 3 C l a y , b l- o w n , s a n t.: y  
3 - 6 S a n d , f i n e ,  q r a v e l ,  
6 - 3 0  C l a y , g 1- a y i s h - b ,- o w n  , 
w e  L L - t- o u n d e d  
s a n d y , s i l t y ,  p e b b  l )' 
3 0 - 4 5  C l a y , q \- a y , s a n d y , s i  l i y ,  p e b b l y  ( t i l l ) 
4 5 - 5 2  s i l t ,  s a n d )' ,  S O h\ e  c l a y  s a m p l e s 
5 " - 6 7  C l a y ,  q l- a Y , s a n d y , 5 i l t y  1 CJ ,- a v e i l y < t i l l )  
* * * * 
C re d i t :  S DG S  
A7 
S tage Recorder Da ta 
C l imato l og ic a l Da ta 
APPEND I X  B 
RECORD OF LAKE I NFLUX 
Page 
B 1 -B 5  
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HUI"'lER O F  DAYS U l nt  
MA X  3 2  OR BELOW 8 
11AX 98 OR ABOVE 1 
. i l ti  32 OR BELOW e 
M l �  e OR BELOW 8 
HEAT I HG DEGREE DAYS < BASE 65 > 
TOTAL TH 1 S r'llHTH 1 26 
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SEASOHAL TOTAL • 1 48 
DEPARTURE FROM HORMAL -42 
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TOTAL TH I S MOHTH 6 1  
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SEASOHAL TOTAL 1 2 28 
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P � E C I P I TH T I OH DATA 
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C 1 2  
r 
19 8 8  Wal l Lake Water S ample Analys i s  / I ''. , 
To t a l  S usp . or tho- Tota l N i trogen Dis . F e c a l  
r:> a t e S i te Conduc t . pll Alk . mq/L S o l i ds Solids PO P04 Nil' N0 3 -N02 TKN-N Oxygen Co1 i f . I 0c . mg/L mg/L m�'L mg/L mg L m2lL mg/L mg/L l10 0 ml 
4 - 1 3  2 2 2 2 6  8 . 2 1 3 4 4  2 3 0 8  5 . 0 30 . 0 9 0 . 1 3 1 .  6 8  1 .  5 9  10 4 2 3 2 9  7 . 9 4 3 3 6 2 5 4 0 1 1 4  . 1 2 0  . 2 8 0  . 0 7  1 .  5 1 3  1 .  4 2  3 
5 1 4 4 0 8 . 6 4 1 5 8  1 2 9 2 2 8  . 0 2 . 1 30  . 0 9 1 .  5 2 1  1 .  4 8  1 
6 2 2 9 9' 7 . 6 6  2 8 0 2 39 2  10 • 3 9 0  . 4 5 0  . 1 2 1 .  2 2  1 . 16 6 
4- 2 7  2 '  2 2 3 7  8 . 0 5  2 3 6 2 4 4 0  9 • 0 3  . 0 3 0  . 1 2 1 . 6 5 1 . 5 4 1 
3 2 4 7 2  7 . 8 1 2 6 8 2 4 5 2  7 2  • 2 30 . 3 3 0 . 1 7 3 . 7 7 1 .  5 3 1 9 0 0  
4 2 2 9 6  7 . 7 7 2 6 0  2 1 3 6 5 . 1 0 0  . 1 4 0  . • 0 7 . 9 6 3 . 7 7 6 
5 1 5 7 7  8 . 2 8 1 6 0 1 3 2 8  1 5  . 0 6 0  . 0 9 0  . 0 7  1 .  3 0  1 .  2 7  1 
6 2 3 5 1  8 . 3 1 2 1 9 2 3 8 0  1 0 . 3 6 0  . 4 6 0 . 1 0 1 .  3 4  1 . 2 8 1 4  
4 - 2 8  7 S  1 5 30 8 . 4 1  1 6 0  1 2 6 4  2 2  . 0 2 0 . 0 5 0  . 0 1 1 .  7 7  1 .  7 5  est2 
78 1 5 3 0 8 . 1 5 1 5 8  1 2 5 6 1 4  . 0 10 , . 2 6 0  . 0 0 2  2 . 2 8 2  2 . 14 1 
4- 2 9  2 2 5 3 1  7 . 9 7 2 6 0  2 5 3 6  4 . 0 2 0 . 0 5 0 . 1 1 1 .  5 4 1  1 .  5 0  1 
3 2 4 8 4  7 . 8 0  3 2 8 2 8 2 4  1 2 . 1 9 0 . 3 3 0  . 2 2 3 . 1 4 4  1 .  6 3  2 3 0 
4 2 3 2 5 7 . 7 1 2 5 2 2 2 7 6 5 . 0 8 0  . 1 1 0  . 0 8  1 . 0 7 1  1 . 0 5 1 
5 -1 5 7 7  8 . 4 1 1 7 2  1 3 3 2 1 . 0 2 0  . 0 6 0 . 0 8  1 . 10 1  1 . 0 9  4 
6 2 4 4 3  7 . 8 3 2 4 4  2 4 0 2  2 . 3 2 0 . 3 8 0 . 1 2 1 .  3 7 1  1 . 3 3 1 
5- 2 2 2 4 7 2 8 . 5 1 2 7 6  2 7 8 8  2 . 0 2 0  . 1 2 0 . 1 0 1 .  3 8 1  1 .  3 3  1 
4 2 2 6 6  8 . 2 2 3 3 6  2 2 6 4  4 : 0 9 0  . 1 2 0  . 0 6 . 7 2 1  . 6 9 2 9  
5 1 5 5 4 8 . 4 2 16 8 1 2 6 0  1 4  • 0 3 0 . 13 0  • 0 8 1 .  7 1 1  1 . 6 9 10 
6 2 4 7 2 8 . 2 0 2 8 4  2 5 7 6  4 . 3 6 0 . 4 3 0 . 10 1 . 5 6 2  1 . 5 2 4 
5 - 2 2  2 1 8 4 9  8 . 2 6 1 8 4  1 8 1 2  6 . 0 4 . 1 1 . 1 6 . 1 0 1 . 16 
3 3 6 2 9 8 . 3 1 3 0 4  3 8 5 6  3 8  . 4 8 . 6 4  . 4 0 4 . 4 3 4  3 . 6 5 4 7  
4 2 2 8 8  8 . 2 1 3 3 2  2 4 9 2  1 4  . 1 8 . 2 6 . 0 6 . 0 6 • 9 7 
5 1 5 0 2  8 . 3 2 1 8 8  1 3 8 0 5 4  . 0 3 . 2 7 . 3 3 . 16 5  2 . 4 5 
6 2 3 0 0  8 . 2 0 2 0 8 � 2 3 2 8  2 7  . 5 7 • 7 0  . 0 9 . 0 6 1 .  6 6  
5 - 2 3  2 3 5 8 2  8 . 3 6 3 5 2 3 8 6 8  3 7 . 4 8 . 6 4 . 3 6 3 . 2 6 3 .  0 1  1 7 0 0 0  
3 19 7 6  8 . 2 8 2 4 0 2 0 6 8  1 8 . 0 4  . 1 5 . 1 8 . 1 0 4 1 . 4 7 1 7 0 0 0  
4 2 3 6 9  8 . 0 8 3 4 0  2 4 0 8  1 4  . 1 4 . 2 1 . 0 9 . 0 5 2  . 9 2 7 4 0  
5 2 3 6 9 8 . 3 3 2 2 0 2 1 8 4  10 . 5 6 . 7 0 . 1 1 • 0 9 5  . 7 0 3 2 0 
6 16 2 9  8 . 2 7 1 8 0 1 4 7 2  4 2  . 0 9  . 2 7 . 4 3 . 10 6  1 . 9 7  1 3 0 0  
7 S 1 4 6 7  8 . 3 7 1 7 2  1 3 3 6 7 • 0 7 . 1 2 . 4 6 . 0 9 1 .  3 4  6 . 8  7 
78 1 5 4 5  7 . 7 7 1 7 6 1 3 8 8  1 3  . 0 7 . 1 1 . 4 7 . 10 1  1 .  5 1  4 . 5  1 3  
5 - 2 4 2 2 0 1 7  7 . 2 0 2 4 4  2 1 3 2 5 . 0 4  . 0 8 . 0 9 . . 1 0 3 1 .  3 7  1 3  
4 3 4 4 6 8 . 3 7 3 5 2  2 5 1 2  1 2  . 1 1 . 1 6 . 0 3  . 0 2 1  . 5 5 1 10 0  
5 16 6 8  8 . 0 7  1 8 8  1 6 7 2  5 0  . . 0 9  • 2 9  . 6 2 . . 1 5 7  2 . 2 0 3 5 0  
6 2 39 0  8 . 3 5 2 4 f  2 3 4 0 1 3  . 5 5  . 7 4 . 1 1 . . 10 4  2 . 3 0 10 0 0  
6 2 0 
6 - 2  2 30 0 5  . 8 . 2 4 3 4 8  2 9 3 2  8 • 0 4  . 1 0 . 2 0 . 0 7 1 . 7 4 1 8 0  
5 1 4 7 9  8 . 6 8  � 1 7 2  1 3 9 0  6 9  . 0 2 . 3 2 . 1 8 . 10 1  3 . 7 9 7 0 0 
6 2 2 2 5  8 . 0 8 3 4 8  2 4 9 6  1 0 6 . 5 2 . 6 3 . 8 4 . 0 8 5  2 . 3 7 4 9 0 0  
,_ 
6 - 3  2 29 3 6  8 . 10 3 6 4  3 4 8 0 1 2  . 0 5  . 10 . 1 2 . 0 8  1 .  8 9  5 7 
5 10 6 3  8 . 5 5 16 8 1 6 6 4  9 2  0 • 39 . 0 9 . 1 8 4 . 3 4 
3 30 
6 2 2 5 3  8 . 0 1 3 8 4  2 7 1 6 9 4  • 5 4  ., . 7 0 . 7 7 . 0 6 2  2 . 2 3 1 3 0 0  
6 - 2 0 7S 1 5 5 0  8 . 6 7  1 6 6  1 3 3 2  7 . 2 1 . 5 2 . 0 4 9  2 . 9 3 3 
7 B  1 4 6 5 8 . 6 7  16 2 1 3 4 0  1 3  . 1 8 . 3 4  . 0 4 7  2 . 6 7 1 
6 - 2 1  5 
7 6  
6 
9 2 0 
6 - 2 8  7 S 1 2 5 0  9 . 0 0 2 2 3  1 5 4 0  2 7  . 0 8  . 2 3 . 0 5 • 0 3 1 .  9 9  2 . 2  2 2  
7 B  1 2 8 8  8 . 7 6 19 8 1 4 8 6  3 0  . 0 8  . 2 0 . 0 8 . 0 3  1 . 9 8  3 . 5  7 
7 - 1 9 7S 1 7 2 3  8 . 5 2 1 8 5 . 8  1 4 9 2  . ' 2 4  . 1 3 . 2 6 . 2 9 . 0 6 5  2 . 2 4 6 . 4  2 2  
' 7 8  1 7 3 8  8 . 5 1 1 8 3 . 7  1 5 2 0 3 0  . 1 2 . 3 0 • 3 5  . 0 8 7 2 . 6 0 7 . 0  2 2  I 1 
7 - 2 6 7 S  16 3 0  1 8 2  1 6 0 4  1 3  . 1 8 . 3 3 . 5 7 �. 1 1 2  2 . 5 4 2 2  
7 B  1 5 7 0  8 . 3 9 19 1 1 6 1 2 7 8  . 1 8 . 4 5 • 6 1  . 1 4 3  3 . 0 6 2 2  
8 - 4 7S 1 7 5 2  8 . 2 3 1 8 6  1 4 9 6  1 6 . 14 I . 2 8 . 3 1 . 0 6 5  2 . 2 1 2 2  
7B 19 3 4  8 . 1 1 1 8 2  1 5 3 2  3 5  . 15 . 3 3 . 2 7 . 0 5 4  2 . 5 7 2 2 
8 - 9  7S 1 7 6 0  8 . 5 4 2 0 3  1 5 30 . 1 2 . 2 5 . 1 3 . 0 6 3  2 . 2 2 2 0  
7 B  ·17 0 2  8 . 5 6 20 7 1 5 3 6  . 1 3 • 2 6  . 2 4 . 0 8 3  . 1 . 6 9 2 0  
8 - 1 8  7 S  1 6 0 0  8 .  7 6  1 8 9  15 6 0  . 0 4 . 1 6 . 1 8 . 0 8 2 . 0 0 2 0  
7B 1 5 9 0  - 8 . 8 2 -� 19 8 �-� 1 5 2 6 �-- -�---�- �.- -- • 0 4 � . 1 5 . 1 5 . 0 6 1  2 . 1 2 2 0  
B - 30 7 S  20 
7 B  2 0  
8 - 3 1  7S 1 6 9 0  8 . 6 4  1 7 6  1 5 3 0 3 9  . 0 1  . 1 7 . 0 6 . 0 9 2 . 6 3 
1a 1 7 0 0  8 . 6 7 2 0 4  1 5 6 0  3 9  . 0 1 . 1 8 . 0 3  . 0 8 1  2 . 3 5 
9 - 2 7  7S 1 7 1 9 8 . 3 4 1 3 1  1 4 8 4  1 6 • 0 1  . 10 . 4 5 . 0 8  5 . 5 3 8 . 2  1 70 
78 1 7 5 5  8 . 26 1 7 0 1.," 1 4 20 17 . 0 1  . 0 9 . 3 7 . 0 6 9  5 . 2 6 8 . 8  1 70 
AMMONIA, NT RATES.. PHOSPHORUS 
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Wa l l  Lak e Fe c a l  Co l i form B ac te r i a ,  1 9 8 8  
� 
MAY 
1 7 0 0 0  
' 
A 
S i t e 2 • 
S i te 3 A 
• . ·- --- ----- - ---·- ... -+--
J U N E  J U L Y  
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D a t e  Cove S i t e 5 
6 - 2 8  3 
7 - 5 . 1 5  
7 - 7 1 6  
7 ...: 1 2  2 2  
7 - 1 4 2 2  9 2  
7 - 1 9  2 2  2 2  
7 - 2 1  2 2 0 9 2 0  
7 - 2 6 2 2 0 
7 - 2 8  2 2  
8 - 4 
8 - 9  
8 - 1 1  2 0  
8 - 1 6  2 4 0 0  2 0  
8 - 1 8  2 0  
8 - 2 3  3 3 0 5 4 0 0  
8 - 2 5 " 1 3 0 0  
8 - 3 0 2 0  
,_ 
I n l e t  and Cove Are a o f  W a l l  Lake 
F e c a l  Co l i f o rm/ 1 0 0  m l  
1 9 8 8  
Be twee n S i te s  5 & 6 We s t  S i de o f  the I s l a nd 
1 6  e s t  3 
9 1  2 2  
9 2  2 2  
9 2  
2 2 0 2 2 0 
1 6 0 0  9 2 0 
2 2  
l 
2 2 0 i 
3 3 0 
1 1 0 2 2  
2 0  2 0  
2 0  2 0  
2 0  2 0  
1 6 0 0 0  
1 1 0 2 0  
Channe l 
1 6 0 0  
2 2  
3 5 0 0  
2 2  
1 3 0  
1 6 0 0 0  
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THIS AREA IS UNSAfE fOR SWIMMING 
. UNTIL FURTHER NOTICE 
PlEASE USE THE PUBliC SWIMMING BEACH 
SOUTH DAKOTA CLEAN LAKES PROGRAM 




\v a l l  L ak e  D e ach P a rk 
F ec a l  C o l i f o rm B a c t e r i a I nd i c a to r  
1 9  8 6  - 1 9 8 8  
P e ak U s ag e  Mon th s 
D a t e  T i me Te s t  D a t e  L a b  # To t a l  Co l i f o rm F e c a l  Ca l i f . 
8 - 3 0 - 8 8  l 0 : 3 0 A  8 - 3 0  0 8 3 0 1 3  2 0 / 1 0 0  m l  
8 - 2 3  1 0 : 3 0 8 - 2 3  0 8 2 3 1 5 8 0  
8 - 1 6  1 0 : 3 0  8 - 1 6 0 8 1 6 1 8  2 0  
8 - 8 1 0 : 0 0 8 - 8  0 8 0 8 0 2  1 1 0 2 
8 - 3 . 9 : 3 0 8 - 3 0 8 0 3 0 6  1 3 0  4 
7 - 2 7 - 8 8  9 : 3 0 7 - 2 7  0 7 2 7 0 1  2 2  
7 - 2 6  1 0 : 3 0 7 - 2 6  0 7 2 6 2 1  2 2  
7 - 2 5  9 : 0 0 7 - 2 5  0 7 2 5 0 1  2 2  
7 - 2 1  9 : 1 5 7 - 2 4  0 7 2 1 3 1  2 2 0 
7 - 2 1  4 : 1 5 P  0 7 2 1 3 0  2 2 0  
7 - 1 9  10 : 3 0 7 - 1 9  0 7 1 9 1 7  1 6 0  
7 - 1 2  9 : 0 0 7 - 1 2  0 7 12 1 4 2 2  
7 - 5  9 : 0 0 7 - 5  0 7 0 5 0 4  e s t 6  
6 - 2 8 - 8 8  8 : 4 5 6 - 2 8  0 6 2 8 0 7  e s t 9  
6 - 2 1  9 : 0 0 6 - 2 1  0 6 2 1 0 6  3 2  
6 - 1 4 9 : 0 0  6 - 1 4 0 6 1 4 0 6  1 3  
6 - 7  9 : 1 5 6 - 7  0 6 0 7 0 4  e s t 4  
\ 
5 - 2 3 - 8 8  9 : 5 0 ·5 - 2 5  Rej e c te d , too o l d . 
9 - l - 8 7  9 : 0 0 9 - 2  2 7  2 
8 - 3 1  8 : 3 0 9 - 1 6 3 8  
8 - 2 4  9 : 0 0 8 - 2 5  2 7 6 2 
8 - 1 7  9 : 3 0 8 - 1 8  1 9 2 2 
8 - 1 0  9 : 0 0  8 - 1 1  8 8  2 
8 - 4  9 : 1 5 0 - 4  3 9  2 
7 - 2 8  9 : 0 0 7 - 2 9  1 4 3  2 
7 - 2 0  9 : 3 0 7 - 2 1  3 0  2 
7 - 1 3  9 : 0 0  7 - 1 4  1 8 5  2 
7 - 6  9 : 0 0  7 - 7 7 1  8 
6 - 3 0 - 8 7  9 . : 3 0 6 - 3 0 4 2 3  4 8  
6 - 2 2  9 : 3 0 6 - 1 6 3 4  2 
6 - 1 5  9 : 3 0 6 - 16 1 9  3 4 
6 - 9  9 : 1 5 6 - l l 9 2  6 
6 - 1  9 : 1 5 6 - 2  5 2 4  
5 - 2 6  9 : 0 0  5 - 2 7  2 8 4  1 10 
\. 
W a l l  L ak e  B e a c h  P a r k 
F e c a l  C o l i f o rm B a c t e r i a I n d i c a to r  
C o n t i n u ed . 
D a t e  T i me T e s t D a t e  Lab # 
5 - 1 9 - 8 7  9 :  3 0  5 - 2 0  1 9 6 
5 - 1 1  9 : 0 0  9 7  
9 - 2 - 8 6  9 : 0 0  9 - 3  1 3  
8 - 2 5  9 : 0 0  8 - 2 6  
To t a l  Co l i f o rm 
8 - 1 8  1 0 : 2 0 8 - 2 0 Re j e c te d , too o l d . 
8 - 1 1  8 - 1 2 1 2 0  
8 - 4. 9 : 1 5 8 - 5  3 7  
7 - 2 8  9 : 1 5 7 - 2 9  4 6 6  
7 - 2 1  9 : 0 0  7 - 2 2  3 4 6  
7 - 1 4  9 : 4 5 7 - 1 5  1 8 5  
6 - 7  9 : 3 0 7 - 8  8 2  
C 1 0  
F ec a l  C o l i £ .  
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5 0  
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Wa l l  Lake Beach P a rk 
F e c a l  C o l i f o rm Bac te�i a I ndi c a t o r  
1 9 8 6  - 1 9 8 8. 
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Wa l l  Lake B e ach P ark 
Revi ew of D a t a : 
Wa l l  Lake B e ac h  P a rk w a t e r  i s  to be s map l e d  and a n a l y z ed 
on a week i� b a s i s  to e n s u r e  low b a c te r i a  l ev e l s  f o r  the h e a l th 
and s a f e t y  o f  swi mme r s . Th i s  req u i red by S o u th D ak o t a  s ta t e  
reg u l a t i o n s  t o  b e  s u f mi t t e d  to th e O f f i c e  o f  D r i nk i ng W a t e r  
a t  t h e  De p a r tmen t o f  W a t e r  and N a t u r a l  Re s ou r c e s  ( DWNR)  , i n  
P i e r r e . 
Th e re a re th r e e  c r i t e r i a , any one o f  wh i ch wo u l d  req u i r e  
the be ach to be c l o s e d . Th ey are : 
1 .  Th r e e  s u c ce s s i v e  feca l co l i for� b a c t e r i a c o u n t s  o f  
2 0 0 / 1 0 0 ml , o r  mo re . 
2 .  Two s uc c e s s i ve f e c a l  co l i form b a c t e r i a c o un t s  o f  
3 0 0 / 1 0 0 ml , o r  mo re . 
3 .  One c o u n t  o f  1 0 0 0 / 10 0  rnl . 
METHODS : 
Te s t i n g wa s done th r o ugh th e s umme r mo n th s  o f  19 8 6 - 19 8 8 . 
G r ab s amp l e s  we re t ak e n  a t  mi d-be ach i n  approxi ma t e ly o n e  f o o t  
\ o f  wate r .  D ur i n g  19 8 6 - 1 9 8 7 ,  s amp l e s  we re put d i r e c t ly i n to 
b o t t l e s  prov i d e d  by the l ab and s e n t  by expre s s  mai l to th e 
l ab a t  P i e r r e . The s ame p roced ure s we r e  f o l l owed i n  19 8 8 ,  e x ­
c e p t  th a t  s amp l e s  were t ak e n  d i rec t l y to the S i o ux F a l l s  C i ty 
H e a l th D e p a r tme n t l ab .  The r e a s on f o r  th i s  c h a n g e  was t h a t  
s ome s amp l e s  s e n t  t o  P i e r re t o o k  two day s to a r r i ve and w e r e  
r e j ec ted b e c au s e  th e y  w e r e  t o o  o l d .  H oweve r ,  s e ve ra l  two d ay 
o l d  s amp l e s  had b e e n  a c c e p t e d  and analy z ed p r e v i o u s ly . Th i s  
c a s t  doub t o n  th e re l i ab i l i ty o f  t e s t r e s u l t s . The S i o ux 
F a l l s  l ab was a s k ed to a n a l y z e  th e s amp l e s  b e c au s e of i t s 
c lo s e  pro x i mi ty a n d  th u s  to e ns u re va l i d  re s u l ts i n  19 8 8 . 
D I S C US S I ON OF RES U LTS : 
C 1 2  
A s  t h e  g r aph i nd i c a te s , i t  wo u l d  appe a r  t h a t  t h e  b a c te r i a . 
l e ve l s  i nc re a s e d  f rom y e a r  to y e a r . Due to the q ue s ti onab l e  
a r r i v a l  da tes o f  th e s amp l e s  t o  th e P i e r r e  l ab i n  1 9 8 6  and 1 9 8 7 , 
th i s  c a nno t b e  a r e a s onab le deduc t i on . Wh a t  c a n  be s e e n  i s  the 
f l uc tu a t i o n s  in th e co un t f rom mo n th to mon th . The mo s t  re l i ab l e  
d a t a i s  19 8 8  b e c au s e  o f  the immedi a t e  de l i ve ry o f  s amp l e s  to th e 
l ab .  
The re does not appe a r  to b e  a p a t tern o f  h i gh o r  l ow l e ve l s . 
The h i ghe s t  l e ve l s  o cc u r red i n  Augus t ,  M ay and J u l y  f o r  each y e a r  
r e s p e c t i ve ly 
) 
APPEND I X  D 
NUTR I ENTS I N  SO I LS 
\ 
) 
F i e l d  Soi l 
No .  tex t 
1 f in e  
2 f ine 
3 f ine 
4 f ine 
5 f in e  
CR1 f in e  
RK1 f ine 
R K2 f in e  
R K3 ' f in e  
M61 f ine 
S-1 f ine 
8 f ine 
9 f ine 
10 f i ne 
\ 














1 0  
Q!:! 
7 . 1 
7 . 2  
7 . 2  
6 . 9  
7 . 1 
6 . 7  
6 . 9  
7 . 0  
8 . 2  
6 . 8  
7 . 0  
6 . 9  
7 . 6  
7 . 2  
No . 
Dl 
SO I LS DATA 
Org . N - No::s 
So l . ma t . l b/A p 
sa l t  'Y. top to ta l l b/ A  
0 . 8  3 . 7  1 4  46 7 
0 . 7  2 . 8  16 34 29 
0 . 6  3 . 4  44 98 33 
0 . 6  3 . 5  10 24 20 
0 . 5  3 . 0 8 24 4 
0 . 4  4 . 2  4 1 2  6 
0 . 6  3 . 3  1 1  38 1 0  
0 . 6  3 . 5 34 79 1 1  
0 . 5 4 . 0  1 9  4 5  1 9  
0 . 7  4 . 0  9 28 7 
0 . 6  4 . 7  1 5  3 5  3 4  
0 . 7  3 . 6  1 8  7 1  7 
0 . 5  3 . 1 20 54 1 0  
0 . 4  3 . 0- 40 1.22 26 
RECOMMENDAT I ONS 
N l b/A &Qa_ l b/A 
65 50 
76 20 
1. 5  12 
86 3 5  
72 46 
0 4 1  
87 53 
4 5  5 1  
80 4 1  
0 43 
17 42 
O r i g ina l d ata sheet·s may obtained f rom t he M innehaha Coun ty 
Commission o f f ice or t he Minneha ha Coun ty Ex tension O f f ice , 
S i ou x  Fa l l s �  Sou t h  Dak o ta . 
) 
Me thods an d Ma ter ia l s  
Bioassay Tes t Resu l ts 
\ 
APPEND I X  E 
ALGAE ANALYSES 
Pag e  
E 1 -E3 
E4-E 1 8  
) 
Methods and Materia l s  
S ampl ing stations were establ ished at Wa l l  La ke , S outh Dakota , 
during the spring o f  1 9 8 7 . Water s amples were procured from the 
surface of the lake and �ediately o f f  the bottom with a grab 
s ampler . The s amples were preserved with Lugo l ' s  s olut ion . 
E l  
A 0 . 1  m l  aliquot o f  each sample wa s placed in a P a 1mer-Maloney 
Nannoplan kton Cel l  and c ounted at 4 0 0X with an Olympus microscope 
equ ipped with bright - field optics . In a l l  cases the who le wate r  
s ample s were concentrated to facilitate t axonomic enumerati on . Except 
in a few samples whi ch contained a sparse amount of phytoplankton , 3 0 0  
units o f  phytoplankton were counted from each s ample . The standard 
calculat ion ut i l i z ed in determining the concentration of o rgani sms 
with the Pa �er-Ma loney Nannoplankton Ce ll is as fo l l ows : 
Organi sms per ml = C X 1000 mm3 









number o f  o rganisms 2counted area o f  a field, mm 
depth o f  field, mm 
number o f  f ie lds counted 
In this inve s t i gation the strip-count method was uti l i z ed where a 
strip ( or mu ltip l e  strip s ) was counted in a transect acros s the 
\ count ing cel l . The volume of s ample examined was det ermined by 
multipl ing the area of the counting cell examined by the depth . 
Therefore , the total number of units /ml ( or cel l s /m l ) for a g iven 
taxon was determined by the foll owing formula : 
Units /ml = C x21000 mm3 
. . • A (mm ) X D (mm) 
C = number o f  o rganisms co�nted 
A = total area counted , mm 
D = depth o f  P a 1mer-Ma loney Nannoplankton Ce l l ,  0 . 4  mm 
Example : 
1 .  5 4 8  Actinastrum counted 
2 .  A. total length of 42 mm in strips i s  counted acro s s  the 
counting c e l l  and t�e wiQth of field at 4 0 0X �s 0 . 5 mm for a 
total a rea o f  2 1  mm . You multiply the 2 1  mm by the 
depth of the counting cell which is 0 . 4  � ·  There fore , the 
total volume of s ample counted is 8 . 4  mm . 
3 .  The 1 0 0 0  mm3 represents the volume of a cubic ml . The 
volume
3
o f  the P a lmer-Mjloney Nannoplankton Cel l  is 0 . 1  ml o r  
100 mm s o  the 1000 mm includes the multipl i cation 
factor o f  1 0  t o  expre s s  the phytoplankton i n  units /ml rather 
than unit s / 0 . 1  ml . 
) 
E2 
4 .  Concentration Fact or . I f  the whole wat e r  s ample is 
examined without concentration thi s value i s  1 .  I f  you start 
with a 1 5 0  ml s ample and concentrate that to 4 0  ml your 
con centrat i on factor would be 3 . 7 5 .  You mu s t  divide your 
fin a l  unit s /ml by this facto r to compen sate fo r 
concent rat ion . 
Act ina strum 
5 4 8  � 1 0 0 0  mm3 = 6 5 2 3 8  unit s /ml 
21 mm X 0 . 4 mm 
6 5 2 3 8  = 1 7 3 97 units /ml 
3 . 7 5  
For the purpos e s  o f  this inves tigation the fol lowing list 
i l lustrates what con stituted a unit : 
Cryptomonads = 1 cell /unit 
Diatoms = 1 cell /unit 
Co lon i a l  Green and Blue -Green Algae = 1 c olony/unit 
F i l amentous Blue-Green Algae = great e r  than 1 0 0  um/unit 
\ In the case of fi lamentous diatoms , such a s  Me lo s i ra granulata , 
e ach cell was counted a s  a s ingle unit . With f i l amentous Blue-Green 
Algae , such as Aphan i z omenon flo s - aguae and Os c i l lato r i a , extens ive 
fragmentation may occu r  during the fall as wel l  a s  during s ample 
aging . There fore , many trichome s composed o f  on ly a few cells are 
encountered . In the s e  cases the fragment s were " added t ogether" to 
compri s e  fi laments at least 1 0 0  um in length whi ch were subsequentl y  
counted as a s ingle unit . 
C r e d i t :  K e i th C amb u rn 
J u ne 20 , 1 '3 8 8  
R e g a r d i n g : M e t h od s  a nd M at e r i a l s  f o r  a l g ae sam p l 1 n g 
S am p l e s a r e  t a k e n  f rom i n l a k e  s t a t i on n um b e r  7 a s  
e s t a b l i sh ed f o r  t h e W a l l  L a k e r e s t o r a t i on p roj e c t . L a nd m a r k s  
o n  t h e Wes t , N o r t h  a n d  E a s t  s i d � s  o f  t h e  l a ke a r e  l i ne d  u p  i n  
o r d e r  t o  b e  a s  c o n s i s t e n t  a s  p o s s i b l e  i n  l oc at i n g  t h e s a m p l i n g  
s t a t i o n .  
S u r f a c e  sam p l es a r e  p roc u red b y  l ow e r i n g 1 00m l p l a s t i c  
b o t t l e s  h o r i z o n t a l l l y i n t o  t h e wa t e r .  .:..T�.
s am..e l es a r e  
p t� e s e r v e d  w i t h  l m l o f  L u g o l ' s  so l u t i on �' and s'h a ken s l i g h t l y_:,.:.)) Since th� bot ·t- tes - a t"'e- c l e -. r y- t h e y  c H"'e s t c�t·"'ed o ut - �-::- f- t h e -­
�unlig.b .t .  L a be l s  a t"'e t h e n  p l aced o n  e ach bo t t l e t o  d es i g Ya a t e  
t h e d a t e �  l oc a t i o n ,  a nd d e p t h .  
B o t t om s a m p l es are t a ken by f i r s t  meas u r i n g t h e  wa t er 
d e p t h ,  t h e n l ower i n g t h e  g r a b  s a m p l e r u n t i l  i t  i s  J USt a bo v e  
t h e _ bot t om .  T wo b r ass mes s e n g e r s  a r e  t h e n  d ro p p ed t o  t r i g g e r  
t h e c l os i n g mech a n i s m .  T h e  sam p l er i s  r a i s e d . A bout 25-50m l 
o f  w a t er i s  f l u s h ed t h ro u g h  t h e s am p l e r d r a i n  t u be .  The w a t e r  
s am p l e  ' bot t l es a r e  f i l l e d ,  p rese·t" ved a Ytd l a be l ed .  
H o p e  t h i s  i s  wh a t  yo u need ed f o r  s am p l i n g proced ur e s . 
P l ease c a l l i f  t h er e  a re a n y  q ue s t i o n s .  
\ 




Ms . Jane E .  Van Hunnik 
Office of P lanning & Zoning 
Minnehaha County Courthouse 
4 1 5 North Dakota Avenue 
Sioux Fal l s , South Dakota 5 7 1 02 
Dear Jane : 
8255 Congdon Blvd . 
Duluth , Minnes ota 5 5 8 0 4  
June 5 ,  1 98 8  
E 4  
P lease find enclosed my analyses of the two phytoplankton samples 
from Wa l l  Lake . I honestly expected to find a more developed 
phytoplankton community by the 2 3 rd of May . It is particularly 
surpr i s ing to find so few diatoms . Although I have no reas on to 
compare Wal l  Lake with Big Stone Lake , the standing crops at Big Stone 
Lake on the 8th of April , 1 9 8 7 , ranged from 1 2 2 2 2  to 2 2 3 3 7  units /ml 
which is wel l  above the values of 8 6 9  and 9 0 3  units /ml from the Wall 
Lake s ample s . As the summer progresses I would expect the 
phytoplankton community to change cons iderable from the May 2 3rd 
sampling . 
-
For your in formation I have enc losed a " draft " o f  the Methods and 
Materials I uti l i z ed in analyz ing your samples . (As t ime permits I �ould appreciate it if the individuals who actually take the water 
amples cou ld �xpand the first paragraph which covers the procurement 
f the s amples ':") 
Sincerely , 
1 /  ;; _&_u�--
Keith E .  Camburn 
B lue-Green �gae 
Anabaen a 









St ichococcu s  
Flagellates 
Green �gae ( other) 
\ D iatoms 
Asterionella formosa 
Cyclotella · meneghiniana 
Frag:i laria crotonensis 
Melos ira granu l ata 
N i t z s ch ia . �  
Stephanodi scu s niagarae 
Diatoms ( centri c )  
Diatoms ( othe r )  
Cryptomonads 
Cryptornona s � 
Cryptornona s s p . 
Cryptomonad 1 1  
Cryptomonad # 2  
Cryptomonads ( other ) 
D inoflage llates 
Ceratium 
( othe r )  
Algae ( flagel late s ) 
( othe r )  
TOTAL 
Wall Lake , South Dakota 
May 2 3 , 1 9 8 8  
S ites ( in lake #7 )  
Top Bottom 
1 7  
1 7 4  
1 2  
7 5  
9 
3 
4 3  
9 
1 9 7  











2 1  
12 
237 
2 1  
144 
285 
1 5  
6 
3 6  
E 5  
\ 
E6 
May 2 3 ,  1988 
I n  Lake- S ite # 7 . The phytoplankton standing crop on this date 
ranged from 8 6 9  units /ml at the lake surface to 9 0 3  units /ml at the 
lake bottom . As expected for this early in the season the standing 
crop was relat ively low . Of particular intere st was the occurrence of 
Cryptomonad #2 in both samples with a nearly ident ical abundance . A 
s imilar s ituat ion occurred with Cryptomonas sp . The only obvious 
differences between these samples ( surface and bottom) was the more 
abundant occurrence of Aphanizomenon flos-aqyae at the surface and the 
more abundant occurrence of a small ,  centric diatom at the bottom . 













Green - Algae ( other) 
Diatoms 






Diatoms ( cent ric ) 
Diatoms ( other) 
Cryptomonads 
Cryptomonas 2YAtA 
Cryptomonas sp . 
Cryptomonad # 1  
Cryptomonad # 2  




Algae ( flaqel lates.) 
( other) 
TOTAL 
Wa ll Lake , South Dakota 
June 2 0 ,  1 9 8 8  
Sites ( in lake # 7 ) 
Top Bottom 
5 0 1 8  
3 4  
34 
34 
2 9 2 
4 
1 8  
7 
4 
3 9  
7 




June 2 0 ,  1 9 8 8  
I n  Lake
· 
S ite # 7 . The phytoplankton standing c rop o n  this date 
ranged from 5 1 2 0  unit s /ml at the l a k e  s urface to 3 9 9  un it s /ml at the 
lake bottom . Un l i ke t h e  s amp l e s  taken on May 2 3 ,  1 9 8 8 ,  which 
exh ib ited l ittle di�ferance between the phyt oplankton in the surface 
and bottom s amples , the s amples taken on June 2 0 ,  1 9 8 8 , are vary 
different . As expected the Aphanizomenon flos-aqyae is becoming vary 
common in the warm s u rface water . �so o f interest is the relat ive 
lack of cryptomonds which were rather common in the May s amples , and 
the apparent lack of sma l l ,  cent ric diatoms . 
Ms . Jane E .  Van Hunn i k  
Office o f  P lanning & Z on ing 
Minnehaha County Cou rthou s e  
4 1 5 North Dakota Avenue 
S i oux F a l l s , South Dakota 5 7 1 0 2  
D e a r  Jane : 
8 2 5 5 Congdon B l vd . 
Duluth , Minn e s o t a  5 5 8 0 4  
Jun·e 2 4 , 1 9 8 8  
E9 
P le a s e. find enclos ed my ana l y z e s  o f  the two phyt oplankton s amples 
from Wal l  Lake whi ch  were col lected on June 2 0 th . The s e  s amples 
a rrived in the June 2 2nd mail which indicates t h a t  things are 
spending up with the mai l . The se samples were rather " typica l "  with 
the eve r  pres ent Aphanizomenon becoming increa s ingly c ommon which i s  
a trend which s hou ld l a s t  into S eptember . 
� s o  enc losed in a bil ling invo i ce for the s e  f i r s t  four s amples . 
P le a s e  let me know this type of invo ice is uns at i s factory . As we 
\
di s cu s s e d  before I w i l l  be on vacation unt i l  Ju-ly 1 6th s o  any s amples 
co l lected between now and then should be kept in a re frige rato r in 
S i oux Fal l s  unt i l  I return . I trust that you are keeping warm ( it ' s 
4 7  t oday in Duluth ) . 
S incerely , 
Ke ith E .  Cambu rn 
\ 
Ms . Jan e  E .  Van Hunnik 
Office o f  P lanning & Z on ing 
Minnehaha County Courthous e  
4 15 North Dakota Avenue 
S ioux Fal l s , S outh Dakota 5 7 1 0 2  
Dear Jane : 
8 2 5 5  Congdon B lvd . 
Duluth, Minn e sota 5 5 8 0 4  
July 2 7 ,  1 9 8 8  
E 1 0  
P lease find enclosed my analyses o f  the five phytoplankton 
s amples from Wal l  Lake which were collected on June 2 8th and July 
1 9th . The samples from June 2 8 th were not labeled " top " and 
" bottom " . In the future the samples should, _ include a l abel with s it e  
n ame /numbe r ,  date o f  collection , a n d  location within t h e  wate r  
column . Once again thes e  s amples were " typical " with the ever 
pre s ent Aphan i z omenon being the the most abundant a l ga pres ent . 
A). s o  enclosed i s  a bi l l ing in_voice for thes e  five s ample s . I am 
returning your 9 bottles under s eparate cove r . 
S incerely , 
Keith E .  Camburn 
Blu e-Green Al gae 
Anabaena 
Aphan i z omenon flo s -aquae 
Chroococcus 
Dactylococcops i s  
Me ri smopedia 
Mi crocyst i s  
Osci llatoria 
Green Algae 
S cenede smu s  
Schroederia 
Stichococcus 
Flage l lates 




Cyclote l la meneghiniana 
Fragilaria crotonensis 
Melos i ra granu lata 
Nit z s chia 
Stephanodi s cu s  niagarae 
Diatoms { centric )  
Diat oms { othe r) 
Cryptomonads 
Cryptomonas � 
Cryptomonas sp . 
Cryptomonad # 1  
Cryptomonad .# 2  
Cryptomonads ( other )  
Dino flagellates 
Ceratium 
( othe r )  
Algae ( flage llate s ) 
( othe r )  
TOTAL 
Wa ll Lake , South Dakota 
July 1 9 ,  1 9 8 8  
S ites ( in lake # 7 ) 
Top Bottom 
2 64 7  
9 
9 
5 4  
9 
4 0 6 0  
3 0  
1 3 3  
1 9 2  
1 5  
E l l 
E 1 2  
Wal l  Lake , South Dakota 
June 2 8 ,  1 9 8 8  
S ites ( in lake # 7 )  
# 1 # 2 Surface S k im 
Blue -Green �gae 
An abaena 
AEhan i z ornenon flos-agyae 3 62 6  5 2 2 4  7 5 7 5 7 5 7  
Chroococcus 
DactylococcoEs i s  
MerisrnoEedia 
Microcyst i s  
Osci llatoria 
Green �ga.e 
S cenede smu s 
S chroede ria 2 4  
Stichococcus 
Flage l lates 1 2  
Green · �ga e  ( other) 
Diatoms 
\ 
Asterion e l l a  formosa 
Cyclotella meneghiniana 
Fragi laria crotonen s i s  
Melos ira granu lata 
Nit z s chia 
SteEhanodi s cu s  niagarae 
'Diatoms ( cent r i c ) 
D iatoms ( othe r )  
Cryptomonads 
CrYEt omona s  ovata 
CrYEtomonas s p . 
Cryptomonad # 1  
Cryptomonad #2 2 4  35 
Cryptomonads ( othe r )  -:" 
D inoflagellates 
Cerat iu.m 
( other)  
Algae ( flagel lat e s ) 
( othe r )  1 2  





E 1 3  
June 2 8 ,  1 9 8 8  
I n  Lake S it e  # 7 . The phytoplankton standing c rop o n  this date 
ranged from 3 6 9 8  units/ml in Sample # 1 to 5 2 5 9  units /ml in Sample # 
2 ( the s amp l e s  rece ived were not l abeled " top " and " bottom" ) .  As in 
previous s amples the mos t  abundant a lga was the blue-green 
Aphan i z omenon flos -aquae . A s ample taken direct l y  from a float ing 
bloom of blue-green a lgae wa s also collected by s k�ing the surface 
of Wal l  Lake . In thi s " P ea Soup " Aphani z omenon· wa s the on ly alga 
present and occurred with an abundance of 7 , 5 7 5 , 7 5 7  unit s /ml . 
During s ampling at Wal l  Lake in June the field c re w  noticed areas 
of int en s e  blue-green color in the water . The s e  a reas o f  
concentrat i on a re cau s ed by lake currents which concentrate the 
Aphan i z omenon . I f  the s e  aggregations of a lgae repres ent unhealthy , 
o l d ,  or dying spe c �ens the photosyntheti c  pigments ,  the 
phycob i l iproteins and in part icular the blue pigment phycocyanin , 
wi l l  be releas ed directly into the water cau s ing and inten s e  blue 
color . 
Ju ly , 1: 9 ,  1 9 8 8  
I n  Lake S it e  # 7 . The phytoplankton standing crop o n  this date 
ranged from 2 7 2 8  units /ml at the lake surface t o  4 4 3 0  units /ml at the 
lake bottom . O f  interest is the occurrence of Melos i ra granulata in 
the bottom s ample as wel l  as more specimens of Cryptomonad # 2 . 
\ 
Blue -Green Algae 
Anabaena 
Aphan i z omenon f l o s - aguae 
Chroococcus 
Dactylo coccops i s  
Mer i smopedia 
Micro cysti s 
O s c i l latoria 
Green Algae 
S cenede smu s  
S chroede ria 
St ichococcu s 
F lagel lates 
Green Algae ( other) 
Diatoms 
Asterione l la formosa 
Cyclote lla meneghiniana 
Fragi laria crotonensis 
Me losira granul ata 
Nit z s chia 
Stephanodiscus n i agarae 
D iatoms ( cent ri c )  
D i atoms . ( othe r )  
Cryptomonads 
Cryptomona s  ovata 
Cryptomonas s p . 
Cryptomonad · # 1  
Cryptomonad # 2  




Algae ( flagellat e s ) 
( othe r )  
TOTAL 
Wall Lake , South Dakota 
July 2 6 ,  1 9 8 8  
S ites ( in lak� # 7 )  
Top Bottom Surfa c e  S k im 
4 5 0 0  
2 0  
2 0  
1 5 0 7  
4 5 9 0  
7 1  
5 4  
2 1 4 
2 5 0  
7 1  
1 2 5  
NW Inlet 
dis a s s o c i ated into 
ce l l  fragments 
E 1 4  
Blue-Green Algae 
An abaena 
Aphan i z omenon flos -aquae 
Chroococcus 
Da ctylococ cops i s  
Me ri smopedia 
Mic rocys t i s  




Stichococcu s  
F lagel late s  
Green Algae ( other )  
Diatoms 
As terione l la formosa 
Cyclotella menegh iniana 
Fragilaria crotonensi s  
Melo s i ra granulata 
Nit z s chia 
Stephanodi scus n iaga rae 
Diatoms ( cent ri c )  
Diatoms ·( other ) 
Cryptomonads 
Cryptomonas ovata 
Cryptomonas sp . 
Cryptomonad · # 1  
Cryptomonad # 2  
Cryptomonads ( othe r )  
D inoflage llates 
Ce rat ium 
( other) 
Algae ( flage l late s ) 
( other)  
TOTAL 
Wall Lake , South Dakota 
August 4 ,  1 9 8 8  
S ites ( in lake # 7 ) 
Top Bottom 
4 5 2 3  
5 4  
1 2 7  
1 8  
7 2  
3 6  
3 6  
1 0 9  
3 62 
3 5 60 
1 4  
4 3  
4 3  
2 9  
2 9  
1 0 1  
1 8 8  
2 9  
3 1 8  
E 1 5 
\ 
E 1 6  
Jul y  2 6 ,  1 9 8 8  
I n  �ake S it e  # 7 .  The phytoplankton standing crop on this date was 
6 0 4 7  units /ml- at the lake surface and 5 3 7 5  units /ml at the lake 
bottom . As i n  the June 2 8th and July 1 9th samples , the most abundant 
alga pre s ent in both s amples was Aphan izornenon flos -aquae . The mos t  
obviou s di fference from the s e  previou s s ample s  w a s  the abundance of 
Cryptomonad #2 in the surface s ample ( 15 0 7  units /ml ) . The lake bott om 
s ample contained a large amount of detritus and bas ed on that fact , 
a long with the presence o f  benthic diatoms , sugges t  that in s ampling 
the bottom s ubstrate was di sturbed . A " surface skim" c ompos ed of 
blue-green a lgae wa s taken from the NW Inlet and un l ike the June 2 8th 
s ample , this s ample contained mas ses of Aphanizomenon flos -aquae which 
had di s a s sociat ed into cell fragments which made the det e rminat ion o f  
units /ml �po s s ib l e . 
August 4 ,  1 9 8 8  
I n  �ake S ite # 7 . The phytoplankton standing crop on this date wa s 
5 3 3 7  unit s /ml at the lake surface and 4 3 5 4  un its /ml at the lake 
bottom . As previous l y ,  Aphanizomenon flos-aquae was the mo st abundant 
alga pres ent . 
B lue-Green Algae 
Anabaena 
Aphan i z omenon flos-a� 
Chroococcus 
Dactylococcops i s  
Meri smopedia 
Mi crocyst i s  
Os c i l latoria 
Green Algae 
S cenede smu s 
S chroederia 
Stichococcus 
F lagel l ates 
Gree� Algae ( other)  
Diatoms 
Asterione l l a  formosa 
Cyclotella menegh iniana 
Fragi laria crot onen s i s  
Me lo§ira granu l ata 
Nit z s chia 
Stephanodi s cu s  niaga rae 
D iatoms ( cent ri c )  
Diatoms ( other )  
Cryptomonads 
Cryptomonas ovata 
Cryptomona s sp . 
Cryptomonad # 1  
Cryptomonad #2 
Cryptomonads ( othe r )  
Dinoflagel lates 
Ceratium 
( other)  
Algae ( flage llates ) 
( othe r )  
TOTAL 
Wa ll Lake , South Dakota 
Augu st 1 8 , 1 9 8 8  
S ites ( in lake #7 ) 
Top Bottom Surfac e  S k im 
near s hore 
E 1 7  
5 1 6 8  • 3 8 9 5 large mas s es o f  clumped 
Aphan i zomenon 
2 3  
1 2 2 4  
1 1 3  
4 5  
1 5 9  
2 0  
2 0  
1 8 6 6  
6 1  
6 1  
2 2 3. 
' 
E 1 8  
Augus t  1 8 ,  1 98 8  
I n  Lake S ite # 7 . The phytoplankton standing crop on this date was 
6 7 3 2  uni t s /ml at the lake surface and 6 1 4 6  unit s /ml a t  the lake 
bottom . . As in the June 2 8th , Ju l y  1 9th, and Ju ly 2 6th s amples ,  the 
mo st abundant . alga pres ent in both s amples was Aphan i z omenon 
flos -aquae . It i s  interesting to note the appearance o f  the di atom , 
Cyclotel la meneghinian a ,  which had not previou s ly been noted i n  the 
Wal l  Lake s ample s . Thi s  is an e xtremely common centr i c  diatom o ften 
a s s ociated with eutropi c  waters . A " surface skim" from a near shore 
area contained mas se s  of Aphan i z omenon flos-aquae . The s e  mas s e s  
appeared hea lthy and due to clumping the determination o f  uni t s /m l  
was n o t  pos s ible . 
Jane � fo r  your information : Aphan i zomenon Ah- fan-ah - z om- in-on 
